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NOTES ON CUCURBITA MOSCHATA, DUCH.1 
A. T. ERWIN 
From the Vegetable Crops Subsection, Iowa Agricultural Experiment Station 
Accepted for publication October 16, 1935 
Pumpkins are commonly interplanted with corn and occupy a humble 
role in crop production, yet in the aggregate the annual pumpkin pack 
constitutes an important item of commerce in the Middlewest. 
The cultivated varieties of cucurbits embrace three species-Cucur-
bita maxima, C. pepo and C. moschata; the latter species is the most 
variable. Duschene (5) described C. moschata as "tres difficile a circon-
scrire," very difficult to delimit. Lamarck (9) questioned the validity of 
this species and classed it as a botanical variety of C. pepo. 
. Duchesne's description of the plant is not entirely clear as he refers 
to the fruit as being esteemed when eaten raw in certain countries, and 
the selection of the term moschata2 on account of the musk-like odor leads 
one to question whether or not he was confused and perhaps had before 
him a specimen of a muskmelon rather than a pumpkin when completing 
his description of C. moschata. So far as we have been able to learn, in 
no country are pumpkins "eaten raw," nor do they possess a pronounced 
musk-like odor. However, it should be noted that Duchesne's character-
izations are accepted by Cogniaux (4) and that qualities such as aroma, 
flavor and edibility, though important to the horticulturist, are not tax-
onomic characters. 
The species delineations are further complicated by the develop-
ment and introduction of new varieties. Progress rests upon the securing 
of varieties better adapted to certain purposes, as canning or to particular 
regions. Such adaptations to use or environment involve modification 
which in turn requires a review of the species' taxonomic characters. 
Castetter and Erwin (3) commented that certain inconstant charac-
ters of this species suggest the possibility of a hybrid origin. More recent 
genetic studies have revealed interesting data on the question of C. mos-
chata being a hybrid species. A number of inbred lines of this species 
embracing a total of over 700 plants were developed at the Iowa Agri-
cultural Experiment Station, and the taxonomic characters covering three 
generations show no reversion to other species; these results clearly 
refute the theory of a hybrid origin of this species. 
The infertility of certain of the above hybrids (7) suggests that the 
crosses were made over species lines. The crosses between C. moschata 
and C. maxima resulted in 93 per cent of the fruits peing parthenocarpic 
and those which produced fertile seed showed a marked tendency in the 
F 1 generation to produce abortive staminate flowers. 
Crosses between C. moschata and C. pepo produced no fertile seed. 
In the reciprocal cross, however, fertile seed was maintained through the 
1 Journal Paper No. J288 of the Iowa Agricultural Experiment Station, Ames, Iowa. 
Project No. 298. 
2 Derived from the Latin muscus, the adjective form of the word which is applied 
to a number of plants possessing a musk-like odor. 
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third generation, indicating that the taxonomic relationship is closer be-
tween them than to the third species, C. maxima. Bailey likewise main-
tained a cross between C. pepo and C. moschata for three generations and 
noted that the pepo characters tended to become more and more domi-
nant. These results clearly indicate that fertile crosses between C. pepo 
and C. moschata are possible. On the other hand, note the authors, "we 
are convinced that such crosses seldom if ever occur in nature." Varieties 
representing these two species are widely planted in the same locality in 
the corn-belt without evidence of crossing. 
The fact that C. moschata has maintained its identity from pre-
Columbian times to the present day in regions where there is abundant 
opportunity for crossing with C. pepo, rather emphasizes the fact that 
species lines here exist which have proven a barrier to inter-species 
crosses. 
It is of interest also to find that the Seminole Indians of the Ever-
glades of Florida grow pumpkins which they claim to be very old-"their 
fathers grew them always," is their story. The Seminole pumpkin is iden-
tified by Bailey (2) as C. moschata. Specimens collected by the writer 
closely resemble the Cushaw and Sweet Cheese varieties of the present 
day. 
Recent archaeological studies also have given us added information 
on the possible origin and history of this species. Recoveries from the 
Cliff Dweller ruins and other historic regions of the Southwest have 
brought forth numerous well-preserved specimens of rinds, peduncles 
and seeds which have been identified by the writer as C. moschata (6). 
Some of these specimens, particularly those of Kidder and Guernsey (8) 
recovered from the Basket Makers, represent a culture antedating the 
Cliff Dwellers and are regarded by archaeologists as the most ancient 
peoples of whom we have any knowledge on the North American conti-
nent. "It seems quite possible," notes Kidder (8), "that the Basket Mak-
ers as we know them lived as long ago as 1500 or 2000 years before 
Christ." 
The existence of specimens from pre-Columbian times, supported by 
the Seminole pumpkin which the Indians of this tribe claim is one of their 
ancient food plants, points rather definitely to the conclusion that C. mos-
chata is an ancient American species. 
ABERRANT CHARACTERS 
PEDUNCLE 
In the horticultural literature of cucurbits, pedicel characters are 
emphasized as one of the distinguishing features of this species. The fur-
rowed stem with a swollen bell-shaped base (Pl. I, fig. A), as found in 
Sweet Cheese, has been frequently figured to illustrate the peduncle 
character of this species. Naudin (10) described moschata as having a 
"peduncle which broadens into five fingers at the point where it is inserted 
into the fruit." This type of fruit stalk, though typical of Sweet Cheese, a 
leading commercial variety, is not a constant character. In the White 
Cushaw, for example, the ridges of the fruit stalk terminate in a series of 
knob-like formations, and the bell-shaped base is entirely lacking (Pl. I, 
fig. B); while in other varieties of Cushaw the pedicel terminates in a 
bell-shaped base, but the stalk is clavate (Pl. I, fig. C) and often shows 
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scarcely a trace of furrowing; whereas, the Japanese Pie (PL I, fig. D) 
possesses a cylindrical pedicel, but the base is neither swollen nor flanged. 
It is interesting to note that the varieties possessing a pear-shaped fruit 
seem to trend toward a cylindrical pedicel. 
LEAF CHARACTERS 
In general the moschatas are characterized by silver spots at the 
intersection of the veins, as shown in Plate II, figure B, of variety Sweet 
Cheese, while in other varieties, as Golden Mammoth Cushaw, the silver 
marking may be entirely absent or only faint. 
In most varieties the sinuses are indistinct or absent in comparison to 
the deeply sinused varietes of C. pepo. In some of the cushaws, however, 
the leaves are deeply sinused with a pronounced lobing, as shown in 
Plate II, figure B. 
FLOWERS 
In several varieties of moschata the sepals are linear; in others there 
is a slight broadening of the tip, while in others the foliaceous calyx is 
quite pronounced. See Plate III, figure A. 
Long anthers characterize most varieties, though to this rule there 
are also notable exceptions, Plate III, figures C and D. 
THE SEED 
Seed characters afford an important means of identifying varieties 
belonging to C. moschata. So far as we have been able to observe, the 
Fig. 1. A thread-like margin 
of a darker shade characterizes 
the seed of C. moschata. 
fimbriated margin (fig. 1) of a deeper 
color than the body of the seed is a con-
stant character in all of the cultivated 
varieties of this species offered in the 
North American seed trade. This is true 
also of the European sorts furnished 
this station by the Bureau of Plant In-
troduction, U. S. D. A., and in a num-
ber of varieties observed by the writer 
growing in Mexico. 
In two of the varieties, Japanese Pie 
and Green Striped Cushaw, the body 
of the seed is sculptured. An exception 
to the tawn colored margin is found in 
two Mexican varieties-Tamala and 
Xochimilco, in which the border is of 
a greenish cast. In these two varieties 
the seeds are linear to oblong, in con-
trast to obovate, typical of other va-
rieties. 
Russell (11) has made a valuable 
contribution to the literature of culti-
vated cucurbits by devising a key 
whereby the species identity of any va-
riety may be determined by means of 
the external characters of the seed. The 
seed scar of C. moschata is described by 
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him as "normally truncate or rounded." However, as reported by Castet-
ter and Erwin (3), the seed scar of this species varies widely and is not 
regarded by the author as a dependable character. 
Is C. moschata a valid species? After eliminating the variable char-
acters noted in the foregoing discussion, do there remain taxonomic lim-
itations, upon which we may base a species? There are two important 
constant characters of C. moschata; the fimbricated or thread-like wavy 
margin of the seed and the tomentum of the vines and leaves. This type 
of seed is found in all of the varieties of C. moschata and in no other cul-
tivated species of this genus, so far as we have observed. The tomentum 
is likewise a dependable character (Pl. II, fig. C). "The soft, hairy, gray-
ish character of the plant and the absence of stiff setae sufficiently dis-
tinguish it," concludes Bailey (1). 
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PLATE I. 
Fig. A. A typical pedicel of Curcubita moschata. 
Fig.s B, C, D. Aberrant forms. B and C. Varieties of White Cushaw showing varia-
, tions in peduncle. D. Japanese Pie. 
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PLATE II. 
Figs. A and B-The leaves of C. moschata vary in outline from entire to deeply sinused. 
Fig. C.-A heavy coating of soft, silvery hairs and declinate tips characterize C. 
moschata. 
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PLATE III. 
FOLIACEOUS AND NON-FOLIACEOUS SEPALS OF C. MOSCHATA 
Fig. A. Foliaceous sepals. 
Fig. 13. Non-foliaceous sepals. 
Figs. C and D-Long and short stamens. 
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FOUR NEW THYSANOPTERA, WITH A PRELIMINARY LIST OF 
THE SPECIES OCCURRING IN IOWA1 
DUDLEY MOULTON2 AND FLOYD ANDRE 
From the Entomology and Zoology Section, Iowa Agricultural Experiment Station 
Accepted for publication November 15, 1935 
One of the earliest systematic papers on Thysanoptera in America was 
the "Thripidae of Iowa," published by Miss Alice Beach (1895), in which 
thirteen species are recorded as occurring in Iowa. Since the appearance 
of her paper a number of entomologists have mentioned in widely scat-
tered publications various forms collected in the state, but no other list 
has been published up to this time. 
The present paper records eighty-five species from Iowa, four of which 
-Frankliniella andropogoni, Eurythrips flavacinctus , Hoplothrips flavus, 
and Hoplothrips quercus-are described below as new to science. All of 
the collections were made during the past four years by the junior author, 
many specimens being discovered, with the aid of a Berlese funnel, dur-
ing the winter months in moss and dead leaves. 
The list is by no means complete, as species previously unrecorded 
for the state are being found constantly. The paper is rather a list of those 
species so far identified. 
The two new species of Hoplothrips are of special interest because 
on first observation they would not seem to belong to this genus. The 
almost complete fusion of the last two antenna! segments, with only an 
incomplete suture separating the segments, is rarely found among the 
species of the genus. Friesner has recorded one, H. ripicola Friesner, in 
Europe. The eighth antenna! segment may be small and closely joined, 
but the separation is usually clearly indicated. 
DESCRlPTIONS OF NEW SPECIES 
Frankliniella andropogoni, sp. nov. (Fig. 5) 
Female holotype: Color, uniformly clear yellowish, including legs 
and wings; antenna! segments one to three clear yellow, four shading to 
light brown, five brown, lighter at extreme base, six to eight dark brown. 
All spines clear yellow. Ocellar crescents deep orange. 
Total body length, 1.05 mm.; head length, .143 mm., width .15 mm.; 
prothorax length .133 mm.; width .176 mm. Segments of antenna, length 
(width) II, 33 (26); III, 42 (20); IV, 40 (20); V, 36; VI, 50; VII, 10; VIII, 
13 microns. Length of spines: interocellar 46, postocular 20; on prothorax, 
anterior marginal 26; on anterior angles 56, posterior angles, outer 60, in-
ner 66; on ninth and tenth abdominal segments 166 microns. . 
Head somewhat angular in front as in tenuicornis, sides straight and 
parallel. Ocelli small, with distinct but small crescents. Base of third an-
tenna! segment simple, with only a slight swelling in outer half. Spines on 
' Journal paper J296 of the Iowa Agricultural Experiment Station, Ames Iowa. 
P roject No. 372. ' 
2 Entomologist, Redwood City, California. 
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fore wings; fore veins 16, hind vein 13. Comb on eighth abdominal seg-
ment wanting. 
Type material: female holotype, nine female paratypes, taken on 
Andropogon furcatus Muhl., and nine female paratypes taken from blue-
grass sod December 31, 1934, by Floyd Andre. Types in collections of both 
authors and Iowa State College. (Moulton No. 5355.) 
Type locality: Waukon, Iowa. 
This species may be separated from genuina Hood by its clear yellow 
color and yellow spines. Genuina has the prothorax mottled with brown 
and tergites of abdomen with irregular brown blotches, also with brown 
spines. The species may be separated from spinosus Moulton by the uni-
formly brown sixth antenna! segment, in spinosus the sixth segment is 
clear yellow in basal third. 
Eurythrips flavacinctus, sp. nov. (Figs. 3 and 6) 
Female holotype: color head, abdominal segments one, two and six 
to nine also tube dark brown; thorax, all legs and abdominal segments 
three to five clear yellow; antenna! segments one and two brown con-
colorous with head, three clear yellow, four to eight shading gradually 
from yellowish brown to brown. 
Total body length 1.6 mm.; head length .26 mm., width .19 mm.; pro-
thorax length .147 mm., width including coxae .32 mm.; tube length .19 
mm., width at base .08 mm. Segments of antennae: length (width) II, 
50 (34); III, 70 (33); IV, 63 (30); V, 63 (28); VI, 60 (23); VII, 50; VIII, 
43 microns. Spines: postocellar 26 microns, postoculars 93, inner post-
oculars 53;_ on prothorax, anterior margin 56, anterior angles 53, mid-
lateral 76, posterior angles, outer 80, inner 86; on ninth abdominal seg-
ment 200, at tip of tube 200 microns. 
Head clearly constricted behind eyes, cheeks slightly arched, rough-
ened, with one or two short spines on either side; eyes moderately large, 
with about six facets on the profile; ocelli small, placed far forward; post-
ocular spines long and like other proment body spines, with dilated tips; 
a second and shorter pair of postoculars inward from the others. 
Prothorax with all normal spines well developed; fore legs somewhat 
enlarged, each fore tarsus armed with a small tooth. The holotype is 
without wings. One paratype has fully developed wings which are dark-
ened with greyish brown in the second and fourth quarters comparing 
with the darkened areas on the body; each fore wing with six double 
fringe hairs. 
Abdomen normal; tube two-thirds as long as head. 
Male allotype; wingless; colored as in female; spines on ninth ab-
dominal segment, outer 46, inner 133 microns; stronger tarsal tooth. 
Type material: female holotype (wingless), male allotype (wing-
less), one female paratype with fully developed wings, thirteen female 
paratypes without wings, three male paratypes without wings, taken in 
moss in February and March, 1934, and in sod of Andropogon furcatus 
Muhl. in January, 1935, by Floyd Andre. Types in collections of both 
authors and Iowa State College. (Moulton No. 5357.) 
Type locality: Ottumwa, Iowa. 
This species is most closely related to collaris Hood, but is easily dis-
tinguished by the well developed spines on anterior margin of prothorax, 
the armed fore tarsi and the distinctly banded color. 
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Hoplothrips quercus, sp. nov. (Figs. 1, 2 and 4) 
Female holotype: Color dark brown, including antenna, except only 
pedicle of third segment, and legs except all tarsi and extreme tips of all 
tibiae, which are yellowish. Thorax and abdomen with red pigment. 
Total body length 1.78 mm.; head length .29 mm., width .26 mm.; pro-
thorax length .235 mm., width, including coxae .396 mm.; tube length .16 
mm., width at base .09 mm. Segments of antennae: length (width) II, 60 
(36); III, 66 (36); IV, 60 (36); V, 60 (33); VI, 56 (33); VII, 80 (30); 
total length 426 microns. Distance between bases of antennae 20 microns. 
Length of spines: postoculars 90 microns; prothorax, on anterior margin 
56, anterior angles 56, mid-laterals 66, outer pair on posterior angles 66, 
inner 70 microns; on ninth abdominal segment and tip of tube 166 microns. 
Head slightly longer than wide, cheeks parallel, somewhat widened 
behind, without conspicuous spines or markings; eyes reduced, with about 
four facets on anterior margin, semi-oval in shape; ocelli small; postocular 
spines long and like other prominent body spines with dilated tips. 
Prothorax with all normal spines developed; fore femora slightly 
enlarged; each fore tarsus armed with a short, sharp tooth; wings wanting. 
Abdomen broad; tube .55 as long as head. Prominent spines on pos-
terior angles of abdominal segments with dilated tips except those on seg-
ments seven, eight and ten, which are longer than the others and pointed. 
Male almost identical to the female in shape and color. 
Type material: female holotype, male allotype seven female and three 
male paratypes taken from under scales of bark of Quercus alba L. in 
April, 1934, September 7, 1935, and adults reared from nymphs found on 
September 15, 1935, by Floyd Andre. Types in collections of both authors 
and Iowa State College. (Moulton No. 5358.) 
Type locality: Boone, Iowa. 
This species is distinct from other species known from North America 
in that the seventh and eighth antennal segments are fused into one with 
only an incomplete cross suture to indicate their union. In this respect it 
is most closely related to the European species H. ripicola Friesner. It dif-
fers from this species, however, by the smaller eyes, longer spines and 
more uniformly brown coloring. It resembles closely H. flavus, another 
species described in this paper, but is easily distinguished by its color. 
Hoplothrips flavus, sp. nov. (Figs. 7, 8 and 9) 
·Female holotype: Color clear orange yellow, including legs, first three 
antennal segments, most of four, half of five and base of six; fourth an-
tenna! segment shaded light brown in outer half, fifth darker, sixth and 
seventh mostly dark brown. Scattered reddish pigment in head and body. 
Total body length 1.75 mm.; head length .29 mm., width .235 mm.; pro-
thorax length .176 mm., width, including coxae, .41 mm.; tube length .176 
mm., width at base .102 mm.; width between antennal pits 16 microns. 
Antennal segments: length (width) II, 60 (36); III, 76 (40); IV, 73 (40); 
V, 66 (36); VI, 63 (33); VII, 83 (30); total length 485 microns. Length 
of spines: postoculars 93 microns; prothorax, on anterior margin 60, an-
terior angles 73, midlaterals 76, posterior angles, outer 80, inner 76; on 
ninth abdominal segment and tip of tube 180-200 microns. 
Head somewhat longer than wide, flattened in front, cheeks parallel 
over posterior two-thirds. Eyes greatly reduced, with only two or three 
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facets on anterior margin; ocelli very small; postocular spines long and 
with dilated tips like other prominent body spines. 
Prothorax .58 as long as head, with all normal spines developed; fore 
femora slightly enlarged; each fore tarsus armed with a small sharp tooth; 
wings wanting. 
Abdomen broad; tube .6 as long as head. Prominent spines on pos-
terior angles of abdominal segments with dilated tips except those on 
segments eight and ten, which are longer and pointed. 
Male almost identical with the female in shape and color. 
Type material: female holotype, male allotype, and one male para-
type, taken from moss with Berlese funnel, February 11, 1934, by Floyd 
Andre. Types in collections of both authors and Iowa State College. 
(Moulton No. 5359.) 
Type locality: Ottumwa, Iowa. 
This species, like quercus, is distinct in having the seventh and eighth 
antenna! segments fused into one, with only an incomplete suture to in-
dicate their union. Flavus is easily distinguished from quercus by its 
bright orange-yellow color. 
Suborder TEREBRANTIA Haliday, 1836. 
Family AEOLOTHRIPIDAE u zel, 1895. 
Genus AEoLoTHRIPs Haliday, 1836. 
Aeolothrips albicinctus Haliday. 
Ames, hibernating in grass, January 2, 1935. 
Aeolothrips bicolor Hinds. 
Ames, on violet, May 15, 1933; Ottumwa, hibernating in moss, Janu-
ary 7, 1932. 
Aeolothrips fasciatus (Linne) . 
Ames, on dandelions, April 15, 1932; New Sharon, hibernating in 
weeds, December 1, 1933. 
Aeolothrips nasturtii Jones. 
Davenport, on onions, May 7, 1932. 
Family HETEROTHRIPIDAE Bagnall, 1912. 
Genus HETEROTHRIPs Hood, 1908. 
Heterothrips arisaemae Hood. 
Ames, in flowers of Jack-in-the-Pulpit (Arisaema triphyllum (L) 
Schott), May 3, 1934. 
Family THRIPIDAE Uzel, 1895. 
Genus HELiornnrrs Haliday, 1836. 
Heliothrips haemorrhoidalis (Bouche). 
Ames, from various greenhouse plants during December, January 
and February. 
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Genus HERcOTHRIPs Hood, 1927. 
Hercothrips fasciapennis (Hinds). 
Ames, sweeping in weeds, July, 1935. 
Hercothrips femoralis (Reuter). 
This species has been found breeding in greenhouses during the win-
ter months at Ames, Oskaloosa and Ottumwa. 
Genus EcHINOTHRIPs Moulton, 1911. 
Echinothrips americanus Morgan. 
Found throughout the summer months breeding on a legume (Des-
modium sp.) at Boone. 
Genus CrnROTHRli>s Haliday, 1836. 
Chiroth1·ips manicatus Haliday. 
Ames, sweeping grass, June, 1934; Ottumwa, in moss, December, 
January, March. 
Chirothrips obesus Hinds. 
Ottumwa, hibernating in moss, December, 1932, 1933, and January, 
1935. 
Genus LrMOTHRIPs Haliday, 1836. 
Limothrips cerealium Haliday. 
Ottumwa, hibernating in leaves, December, 1933. 
Limothrips denticornis Haliday. 
Waukon, hibernating in Andropogon furcatus Muhl. sod. December, 
1934. 
Genus APTINOTHRIPs Haliday, 1836. 
Aptinothrips rufus (Gmelin). 
Waukon, hibernating in moss, January, 1934; Ottumwa, hibernating 
in grasses, December, 1932, 1933, 1934. 
Genus SERICOTHRIPS Haliday, 1836. 
Sericothrips apicalis Hood. 
Ottumwa, in dead leaves, October, 1934. 
Sericothrips beachae Hood. 
Ottumwa, hibernating in moss, December, 1933, 1934. 
Sericothrips cingulatus Hinds. 
Ottumwa, hibernating in moss, December, 1932; Boone, sweeping 
grass, August 15, 1933. 
Sericothrips interruptus Hood. 
Ottumwa, hibernating in moss, December, 1932. 
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Sericothrips sambuci Hood. 
McGregor, in dead leaves, November, 1933; Ottumwa, moss, October, 
1934. 
Sericothrips tiliae Hood. 
Ottumwa, hibernating in dead leaves, January, 1935. 
Sericothrips variabilis (Beach). 
Ames, leaves of basswood, throughout months of May to October. 
Genus DENDOTHRIPs Uzel, 1895. 
Dendothrips ornatus (Jablonowski). 
Found in large numbers on the leaves of cultivated lilac (Syringa 
vulgaris L.) at Ames during July, August and September, 1935. This 
European species was first recorded in North America by Moulton (1931). 
Specimens were sent to him from New Jersey, where this form was found 
doing considerable damage to California privet (Legustrum ovalifolium 
Hassk.). 
Genus ANAPHOTHRIPs Uzel, 1895. 
Anaphothrips obscurus (Muller). 
Ames, corn in greenhouse, January, February, March; Ottumwa, 
hibernating in dead leaves, March 1, 1935; bluegrass, September 2, 1935. 
Genus S c oLOTHRlPS Hinds, 1902. 
Scolothrips 6-maculatus (Pergande). 
Ames, leaves of basswood, June. 1935. 
Genus FRANKLINIELLA Karny, 1910. 
Frankliniella andrei Moulton. 
McGregor, hibernating in moss, December, 1933. 
Frankliniella andropogoni new species. 
Waukon, in clumps of Andropogon furcatus Muhl., and bluegrass sod 
December 31, 1934. 
Frankliniella cephalica (Crawford). 
Ames, on strawberry plants, April 4, 1935. 
Frankliniella fusca (Hinds). 
Ames, on white clover, yellow sweet clover, June 15, 1935; dandelion, 
May 3, 1934; Ottumwa, hibernating in moss, January 7, 1932. 
Frankliniella gilmorei Morgan. 
Ames, on horsemint (Monarda mollis L.), June to September. 
Frankliniella nervosa (Uzel). 
Ames, on corn, June, 1934. 
Frankliniella occidentalis (Pergande) . 
Ottumwa, hibernatng in moss, December, January, February. 
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Frankliniella runneri (Morgan). 
Ames, on milkweed (Asclepias verticillata L.), July 20, 1934. 
Frankliniella tenuicornis (Uzel). 
Ames, on corn, October 8, 1934; Ottumwa, on grasses, July 3, 1933. 
Frankliniella tritici (Fitch). 
Ames, on leaves of mullein (V erbascum thapsus L.) , January 7, 1934; 
Ottumwa, on alfalfa, June 1, 1935. 
Frankliniella varicorne Bagnall. 
Ames, on violets, May 15, 1932; Ottumwa, hibernating in moss, Jan-
uary 15, 1932. 
Frankliniella williamsi Hood. 
Ottumwa, in flowers of Aster, June 9, 1935. 
Genus TAENIOTHRIPs Amyot et Serville, 1843. 
Taeniothrips simplex (Morison). 
Ames, in blossoms of dandelions, May 7, 1935; gladiolus, summer 1934 
and 1935; Des Moines, gladiolus 1934 and 1935. This species is well known 
as the gladiolus thrips and was described under the name of Taeniothrips 
gladioli M. & S. 
Taeniothrips dianthi Friesner. 
Moulton (1929) reports finding two specimens of this species in some 
material collected from Dianthus sp., July 4, 1927, by Mr. S. C. Jones at 
Shenandoah, Iowa. 
Genus PsEUDOTHRIPs Hinds, 1902. 
Pseudothrips inequalis (Beach). 
Ames, on Aster, Sept. 8, 1935. 
Genus CTENOTHRIPs Franklin, 1907. 
Ctenothrips bridwelli Franklin. 
Ames, on leaves of Jack-in-the-Pulpit (Arisaema triphyllum (L.) 
Schott), June, July, August. 
Genus THRIPs Linne, 1766. 
Thrips abdominalis Crawford. 
Ames, on yarrow, October 12, 1934. 
Thrips albopilosus Uzel. 
Ames, on various greenhouse plants, December, January, February. 
Thrips nigropilosus Uzel. 
Ames, on c}irysanthemum, November 12, 1934; greenhouse, on pansy, 
January 7, 1935. 
Thrips tabaci Lindeman. 
Ames, on onions, corn, sunflowers, during the summer months; hiber-
nating in mullein. 
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Thrips treherni Friesner. 
Ames, on Lactuca pulchella (Pursh) D. C., June 12, 1935; Waukon, on 
dandelion, May 1, 1934. 
Genus PLESIOTHRIPs Hood, 1915. 
Plesiothrips perplexus (Beach). 
Ames, under lea£ sheaths 0£ cattails (Typha latifolia L.), December, 
February, March, 1933, 1934. 
Family MEROTHRIPIDAE Hood, 1914. 
Genus MEROTHRIPS Hood, 1912. 
Merothrips morgani Hood. 
Decorah, under bark 0£ river birch (Betula nigra L.), December, 1933. 
Suborder TUBULIFERA Haliday, 1836. 
Family PHLOEOTHRIPIDAE Uzel, 1895. 
Genus CRYPTOTHRIPS Uzel, 1895. 
Cryptothrips rectangularis Hood. 
New Sharon, on bark and under bark scales 0£ peach tree, April to 
June, 1934. 
Genus CEPHALOTHRIPs Uzel, 1895. 
Cephalothrips elegans Moulton. 
Ames, from clumps 0£ Andropogon furcatus Muhl., January, Febru-
ary and March; Ottumwa, hibernating in moss, December, 1933 and 1934. 
Cephalothrips errans Moulton. 
Ames, under bark scales 0£ apple and oak, January, 1935. 
Genus HoPLOTHRIPs Amyot et Serville, 1843. 
Hoplothrips americanus (Hood). 
Ottumwa, hibernating in moss, January, 1932. 
Hoplothrips angusticeps (Hood). 
Ottumwa, hibernating in moss, December, 1934. 
Hoplothrips flavicauda (Morgan). 
Jewell, under willow bark, April, 1932. 
Hoplothrips flavus new species. 
Ottumwa, hibernating in moss, February 11, 1934. 
Hoplothrips pergandei (Hood). 
Ottumwa, hibernating in moss, January, 1935. 
Hoplothrips quercus new species. 
Boone and Ames, under bark scales of white oak (Quercus alba L.), 
April, 1934; September 7, 1935; nymphs found in September reared to 
adults. 
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Hoplothrips smithi (Hood). 
Ames, hibernating in moss, January, 1935. 
Genus EuRYTHRIPs Hinds, 1902. 
Eurythrips flavacinctus new species. 
Ottumwa, hibernating in moss, February and March, 1934; Waukon, 
hibernating in Andropogon furcatus Muhl., December, 1934 
Eurythrips osborni Hinds. 
Ottumwa, hibernating in moss, December 7, 1933. 
Eurythrips tarsalis Hood. 
Ottumwa, hibernating in moss, January, 1935. 
Genus LIOTHRIPs Uzel, 1895. 
Liothrips caryae (Fitch.) 
Ames and Boone, on leaves of hickory, June to September, 1933. 
Liothrips citricornis (Hood). 
Ames, on hickory, May, 1934; Ottumwa, hibernating in moss, Janu-
ary, 1934. 
Liothrips leucognis Hood. 
Ames, under bark scales of white oak (Quercus alba L.), every 
month of the year. 
Liothrips ocellatus Hood. 
Ottumwa, hibernating in moss, January, 1932, February 1, 1933, 
February 17, 1935. 
Liothrips sambuci Hood. 
Boone, hibernating in moss, January, 1933. 
Genus RHYNCHOTHRIPS Hood, 1912. 
Rhynchothrips pruni Hood. 
McGregor, under bark scales of wild cherry (Prunus virginiana L.), 
December, 1933, January, 1934. 
Genus LrssoTHRIPs Hood, 1908. 
Lissothrips muscorum Hood. 
Ames, in moss, June, 1933; Ottumwa, in moss, January, 1934. 
Genus NEOTHRIPs Hood, 1908. 
N eothrips corticis Hood. 
McGregor, under bark scales of white oak and apple, February 16, 
1934. 
Genus ALLOTHRIPs Hood, 1908. 
Allothrips magacephalus Hood. 
McGregor, under bark scales of white oak, February 19, 1934. 
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Genus HAPLOTHRIPs Amyot et Serville, 1843. 
Haplothrips aculeatus (Fabr.). 
Ames, on mullein, January, 1932. 
Haplothrips faurei Hood. 
Ames, gall of grape Phylloxera, August 30, 1934. 
Haplothrips graminis Hood. 
Ames, under bark of white oak (Quercus alba L.), April, 1934. 
Haplothrips leucanthemi (Schrank). 
Ames, in clover blossoms, August 15, 1932. 
Genus BAGNALLIELLA Karny, 1920. 
Bagnalliella yuccae (Hinds). 
Ames, Ottumwa, McGregor, behind leaves of yucca (Yucca filamen-
tosa L.), all months of the year. 
Genus LEPTOTHRIPs Hood, 1909. 
Leptothrips mali (Fitch). 
Ames, on leaves of basswood (Tilia americana L.), May 17, 1933; 
Ottumwa, hibernating in moss, January 7, 1935. 
Genus NEOHEEGERIA Schmutz, 1909. 
Neoheegeria verbasci (Osborn). 
Ames, on mullein leaves (Verbascum thapsus L.), throughout the 
year; McGregor, under apple bark, January 6, 1934. 
Genus GLYPTOTHRIPs Hood, 1912. 
Glyptothrips flavescens Hood. 
Ottumwa, hibernating in moss, January 2, 1932. 
Genus PHLoEOTHRIPs Haliday, 1836. 
Phloeothrips (Hoplandrothrips) xanthopus Hood. 
New Sharon, in moss, February 12, 1932. 
DESCRIPTION OF FIGURES 
Fig. 1. Hoplothrips quercus, new species, head and prothorax of female. 
Fig. 2. Hoplothrips quercus, right antenna of female. 
Fig. 3. Eurythrips flavacinctus, new species, head and prothorax of female. 
Fig. 4. Hoplothrips quercus, tip of abdomen of female, dorsal view. 
Fig. 5. Frankliniella andropogoni, new species, head and prothorax of female. 
Fig. 6. Eurythrips flavacinctus, tip of abdomen of female, dorsal view. 
Fig. 7. Hoplothrips flavus, new species, right antenna of male. 
Fig. 8. Hoplothrips flavus, head and prothorax of male. 
Fig. 9. Hoplothrips flavus, tip of abdomen of male. 
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Phloeothrips ( Acanthothrips) nodicornis Reuter. 
Ames, under willow bark, May 1, 1934; New Sharon, under bark 
scales of willow, November 1, 1934. Bagnall (1933) described as new 
Acanthothrips americanus from some Michigan specimens, saying that it 
differed from European examples of nodicornis. If those specimens we are 
calling nodicornis are later shown to be identical with those from Michi-
gan Bagnall described as americanus, the Iowa examples will of course be 
known under the name of americaniis Bagnall. 
Genus NEuaoraarPs Hood, 1924. 
Neurothrips magnafemoralis (Hinds). 
Ames, under willow bark, May 1, 1934; under bark scales of apple, 
April 7, 1935. 
Genus OEoALEOTHRIPs Hood, 1916. 
Oedaleothrips andrei Watson. 
This species was described (Watson, 1933) from four females and 
four males taken from grassy material around a haystack at Boone, Iowa, 
March 1, 1933, and at Ames, Iowa, January 25, 1933. 
Genus BoLOTHRIPs Friesner, 1926. 
Bolothrips bicolor (Heeger). 
Ames, sweeping grass, June, 1934; McGregor, moss, September 6, 
1935; Boone, sweeping grass, September, 1935. 
Genus ELAPHROTHRIPs Buffa, 1909. 
Elaphrothrips armatus (Hood). 
Ames, dead leaves, October, 1934. 
Elaphrothrips flavipes (Hood). 
McGregor, dead leaves, September, October, 1933. 
Elaphrothrips tuberculatus (Hood). 
Ames, moss, September, 1932; dead leaves, January 5, 1935. 
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RELATIVE TOXICITY OF CERTAIN STOMACH POISONS TO 
PHYLLOPHAGA LANCEOLATA (SAY) (COLEOPTERA-
SCARABAEIDAE) 1 
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The relative toxicity of stomach poisons to adult June beetles has 
been but little investigated and lack of knowledge on this subject has hin-
dered recommendations concerning the use of poisonous materials for 
control measures. The cage experiments of Travis and Decker (1932) 
constituted one of the first attempts to study the effect of arsenicals upon 
adult June beetles. In their experiments, however, the amount of poison 
consumed was unknown. This paper was to ascertain the exact dosages 
required to kill June beetles. 
MATERIALS 
Although Phyllophaga lanceolata (Say) has been recognized as a 
common crop pest in Southwestern United States for many years, not 
until the past summer (1934) was it discovered to be abundant in a lim-
ited area of southwestern Iowa. This species is peculiar in that it is diurnal 
in habit, whereas all but two or three other species are nocturnal. This 
habit proved to be helpful in making tests since feeding occurred during 
the day instead of at night. 
The bettles which were to be used as tests were gathered from pas-
ture fields and placed in a large screened cage where fresh dandelion 
leaves were provided for them to feed upon until they were used in the 
experiments. In order that the beetles would feed well on the poisoned 
foliage offered them, they were starved twelve hours previous to use. On 
account of the heavy death rate of males, even in the controls, only female 
beetles were used in the experiments. 
The relative toxicity of three arsenical compounds and one metallic 
cyanide are presented in this paper. Incomplete toxicity records are also 
given for two other arsenicals and one fluosilicate. The compounds used, 
with their pertinent analytical data are: paris green (CuOA20 3), 
Cu (C2Hs0 2) 2, CuO 38.84 per cent, As20 3 54.75 per cent, water soluble 
As20 s 3.00 per cent; cuprous cyanide CuCN 99.34 per cent; arsenious 
oxide As20 s 99.89 per cent; acid lead arsenate (PbHAs04 , PbO 64.50 per 
cent, As20 5 32.88 per cent, water soluble As20 5 0.22 per cent; calcium 
arsenate CaO 33.16 per cent, As20 5 31.23 per cent, water soluble As20 5 
1 Journal paper No. J287 of the Iowa Agricultural Experiment Station, Ames, Iowa. 
'Project No. 128. 
•The writer is greatly indebted to Dr. C. H. Richardson and Dr. G. C. Decker of 
Iowa State College, Ames, Iowa, for their many useful criticisms and suggestions in 
the preparation of this paper. 
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0.29 per cent; sodium fluosilicate Na2SiF6 96.71 per cent; and zinc arsenite, 
commercial sample. 
The insecticides were administered with slight modifications, by 
means of the "leaf sandwich" method method of Campbell and Filmer 
(1929). Fresh potato leaf sandwiches dusted with the compound to be 
tested were used to apply the desired dosage. Bean and dandelion leaves 
were tried, but these were so thin that the sandwiches did not maintain 
their shape. 
METHODS 
A well sharpened cork borer was used to cut discs from the potato 
leaves. The discs were cut and retained in a moist chamber until needed. 
An aqueous solution of gum arabic having a consistency like that of 
honey was employed as an adherent for the insecticide filler of the sand-
wich, and also to hold firmly together the two discs of the sandwich. The 
gum arabic allowed heavier applications of the poison and fastened to-
gether the two sides of the sandwich better than did the starch paste 
used by previous workers. 
The toxic material was applied to the leaves as a dust. It was first 
ground in a mortar and passed through a 200-mesh screen before being 
applied to the leaves. This dust was then blown into a bell jar, the larger 
particles were allowed to settle out, and the jar was moved over a glass 
plate which held sandwich discs and a piece of tared graph paper, 2260 sq. 
mm. in area. The increase in weight of the paper after dusting was used 
to calculate the amount of poison falling upon the surface of the discs. 
In order to prepare sandwiches, unpoisoned discs were coated on one 
side with a film of the paste and pressed with the gummed side down, over 
the poisoned surface of the dusted discs. The sandwiches were fastened 
in wire clips which were inserted in the side of a large cork. The treated 
food was offered successively to caged beetles until one was found that 
would eat it. As soon as feeding had started, the cork bearing the sand-
wich and beetle was placed gently on a table and the beetle allowed to 
eat until satisfied or until it had consumed an amount of poison sufficient 
for a toxicity test. After feeding, the beetles were placed in large glass 
vials with unpoisoned food, and held in the laboratory for future exam-
ination. The body weights of the beetles were obtained after feeding, 
since many individuals refused to feed for a long time after the disturb-
ance caused by this handling. 
The dosages consumed were calculated from the number of square 
millimeters of the sandwich eaten. This consumed area was measured 
by placing the sandwich over a piece of millimeter graph paper with a 
circle drawn on it equal in size to that of the original disc. Measurements 
were made immediately after the beetles had fed in order to overcome 
errors resulting from shrinkage of the leaves. If shrinkage did occur, the 
leaves were placed in a moist chamber and measured when they had re-
gained their original diameter. 
Observations were made at twelve-hour intervals for a 96-hour 
period to ascertain the survival time of the poisoned beetles. Individuals 
were considered dead that were unable to move their legs when gently 
pressed on the ventral side of the abdomen. 
The fifteen control beetles used each day received the following 
treatment during the observation period of 96 hours; five received no 
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food, five received leaves with a coating of unpoisoned gum arabic, and 
five received fresh untreated leaves. The number of beetles that died in 
these controls was almost equally distributed in the three different treat-
ments. Only 6.6 per cent of the beetles died in the four-day period. 
RESULTS 
Gum arabic paste produced no visible toxic or repellent effects. 
Little difference in survival time was noted for the various dosages. The 
survival time of beetles fed sandwiches poisoned with arsenious oxide, 
paris green, acid lead arsenate and cuprous cyanide, are presented graph-
ically in figure 1, where the percentage of survivors is plotted against 
time. At the second observation, twenty-four hours after the beetles fed 
upon the poison, paris green, cuprous cyanide, acid lead arsenate ap-
peared to be equally effective, killing from 15 to 17 per cent of the insects 
during this interval. At the end of 48 hours, however, most of the beetles 
in the experiments had died; in only two cases did any beetles survive 96 
hours; these had received arsenious oxide. Arsenious oxide is apparently 
much slower in lethal action upon this insect than any of the other three 
insecticides tested. After ingesting arsenious oxide, 50 per cent of the 
beetles survived for about 20 hours, whereas in the case of acid lead 
arsenate the 50 per cent survival point was reached in about 13 hours. 
The 50 per cent point was passed long before the first observation time 
(12 hours) for beetles fed paris green and cuprous cyanide. 
From 15 to 20 minutes after having fed upon the poisoned sandwiches, 
many of the beetles regurgitated copiously. Undoubtedly much poison 
was thrown off in this manner, but the fact that only one beetle survived 
which had regurgitated indicates a retention of a lethal dose of the ad-
ministered compounds. This one exception occurred in the paris green 
tests after 0.02 mg./ gm. of this arsenical had been consumed. In the various 
tests, regurgitation occurred in the following percentages of beetles be-
fore death occurred: calcium arsenate 100 per cent, paris green 100 per 
cent, arsenious oxide 92 per cent, acid lead arsenate 89 per cent, sodium 
fluosilicate 75 per cent, copper cyanide 70 per cent, and zinc arsenite 64 
per cent. 
The foregoing data are shown in more detail in table 1. It is interesting 
to note that regurgitation occurred in a greater number of cases in beetles 
that were fed arsenicals, with the exception of those given zinc arsenite. 
None of the P. implicita (Horn) used in another test were seen to regurgi-
tate even though several hundred were fed calcium arsenate. 
PARIS GREEN 
The experiments with paris green show this arsenical to be the most 
toxic of any tested to P. lanceolata (table 2). There was no significant dif-
ference between the mean dosages of the beetles that died and those that 
recovered in the intermediate zone. In view of this, the figure 0.03 mg./ gm. 
can be considered to be the median lethal dose for this insect. Richardson 
and Haas (1931) found the M.L.D. for paris green to be less than 0.10 
mg./ gm. for Leptinotarsa decemlineata (Say) and the same authors (1932) 
found the M.L.D. for Melanoplus femur-rubrum (De G.) to be 0.19 
mg./ gm. The figure for P. lanceolata is then about one-sixth as large as the 
M.L.D. for M. femur-rubrum, and probably less than that obtained for 
Leptinotarsa larvae. 
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TABLE 1. Percentages of beetles that regurgitated after having eaten poison (Phyllo-
phata lanceolata 1934) 
Acid Cal- Cup-
Arse- Zinc lead cium rous Sodium 
nious Paris arse- arse- arse- cyan- flue-
lnsecticide oxide green nite nate nate ide silicate 
Total No. insects 49 57 12 173 70 104 12 
No. insects dead 25 25 11 108 5 71 8 
Percentage that re-
gurgitated before 
death 92 100 64 89 100 70 75 
No. insects recovered 24 32 1 65 65 I 33 4 
Percentage regurgi- I tating that recovered 0 4 0 0 0 0 0 
CUPROUS CYANIDE 
The estimated M.L.D. obtained for cuprous cyanide was 0.04 mg./ gm. 
or about the same as that obtained for paris green. This was the same 
figure obtained by Campbell and Filmer (1929) for the silkworm. Rich-
ardson and Thurber (1933) obtained an M.L.D. of 0.11 mg./gm. for 
Melanoplus differentialis (Thomas) , a figure almost four times the value 
TABLE 2. A summary of the toxicity data for Phyllophaga lanceolata Say (1934) 
Poisons 
Zone Paris Cuprous Arsenious Acid lead 
green cyanide oxide arsenate 
Lethal 
Dosage range• 0.27-0.07 0.47-0.08 0.24-0.15 1.59-0.24 
Mean dosage• 0.11 0.16 0.18 0.45 
Number of insects 11 37 5 61 
Range in weight (gms.) 0.24-0.46 0.23-0.51 0.23-0.46 0.26-0.53 
Mean weight (gms.) 0.38 0.35 0.36 0.42 
Intermediate 
Dosage range• 0.06-0.02 0.o7-0.01 0.14-0.03 0.23-0.06 
Mean dosage that killed• 0.034 0.043 0.066 0.14 
Mean recovery dosage• 0.033 0.036 0.063 0.11 
Median lethal dose (M.L.D.) • 0.03 0.04 0.06 0.12 
Number of insects 
Died 14 34 20 47 
Recovered 13 28 17 36 
Range in weight (gms.) 0.26-0.49 0.23-0.50 0.21-0.50 0.26-0.59 
Mean weight (gms.) 0.37 0.36 0.36 0.41 
Sub lethal 
Dosage• 0.02-0.007 0.008-0.005 0.03-0.01 0.06-0.009 
Mean dosage• 0.01 0.06 0.02 0.03 
Number of insects 19 5 7 29 
Range in weight (gms.) 0.24-0.54 0.39-0.56 0.19-0.49 0.26-0.51 
Mean weight (gms.) 0.38 0.43 0.37 0.42 
*Dosages are given in milligrams of poison per gram body of weight of the insect. 
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Fig. 1. Survival curve showing effectiveness of various substances fed to Phyllophaga 
lanceolata (Say). Dosage range, mg./gm. of body weight: arsenious oxide, 0.24-
0.03; paris green, 0.27-0.02; cuprous cyanide, 0.47-0.12; acid lead arsenate, 1.59-0.06. 
obtained for P. lanceolata. A comparison of the means showed no signifi-
cant difference between them. A statistical comparison of the dosages 
within the intermediate zones of both cuprous cyanide and paris green 
indicates doubtful significance, so that as great a variation in the M.L.D.'s 
could possibly be expected in two groups of these insects which were fed 
the same poison. 
ARSENIOUS OXIDE 
Arsenious oxide gave an M.L.D. of 0.06 mg./gm., which is two times 
as large as the figure obtained for paris green (table 2). The M.L.D. of 
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Richardson and Haas (1933) of O.llmg./ gm. for M. differentialis 
(Thomas) is nearly two times as great as the figure obtained for this in-
sect. Campbell (1932) reported an M.L.D. of about 0.02 mg./ gm. for the 
silkworm, a figure which is only one-third that obtained for P. lanceolata. 
A comparison of the mean dosages in the intermediate zone shows that 
they are not significantly different3• 
ACID LEAD ARSENATE 
The M.L.D. of acid lead arsenate of 0.12 mg./ gm. is very near the 
figure of Campbell and Filmer (1929) of 0.09 mg./ gm. for the fourth instar 
silkworm. A statistical comparison of the means, 0.14 mg./ gm. and 0.11 
mg./ gm. shows a slight significance between them. The average of these 
means is, however, the best figure for the M.L.D. that can be obtained 
from these data. 
CALCIUM ARSENATE 
An attempt to secure an M.L.D. for calcium arsenate proved un-
successful. Dosages of from 0.06 to 1.15 mg./ gm., with a mean dosage of 
0.39 mg./ gm., in an evenly distributed series were administered to 70 
beetles. Five of these died after consuming 1.15, 0.79, 0.50, 0.19, and 0.18 
mg./ gm., respectively, of the poison. Only five individuals regurgitated, 
and these were the five that died. Similar results were obtained when 
calcium arsenate from this same source was usd in toxicity experiments 
on P. implicita (Horn). A few of the beetles died, but results were very 
erratic. A different brand of calcium arsenate gave fair results (Travis 
and Decker, 1933) when used in cage tests on P. hirticula (Knoch) and 
P. rugosa (Mels.). The poor showing made by the calcium arsenate used 
in the M.L.D. tests may indicate that the sample used was less toxic than 
that used in the cage tests. 
Zinc arsenite and sodium fluosilicate were tried, but time did not 
permit completion of the tests before the beetles were gone; only twelve 
individuals were used in each test. In the case of zinc arsenite all of the 
beetles died except one. This one had consumed 0.08 mg./gm. of the com-
pound. Dosages for those that died were 0.38, 0.28, 0.18, 0.13, 0.13, 0.12, 
0.12, 0.09, 0.06 and 0.04 mg./ gm., with a mean dosage of 0.15 mg./ gm. Four 
of the twelve beetles lived after eating 0.45, 0.12, 0.11, 0.09 mg./ gm., re-
spectively, of sodium fluosilicate. The eight that died had eaten 1.29, 1.07, 
0.99, 0.94, 0.75, 0.63, 0.13, 0.07 mg./ gm. with a mean of 0.73 mg./ gm. 
DISCUSSION 
Lead arsenate appeared to stimulate oviposition. Only beetles that 
were fed this poison laid eggs in the containers in which they were re-
tained for observation. Of the 108 beetles that died, 61 laid a total of 136 
eggs with a range of 1 to 5 and an average of 2.2 per beetle. Of the 65 that 
survived, 7 laid a total of 11 eggs with a range of from 1 to 4 and an aver-
age of 1.6 per beetle. These eggs were all fertile, except those that were 
covered with regurgitated materials. 
Male beetles of this species were not used in the M.L.D. tests. As 
pointed out in the cage tests of Travis and Decker (1933) male P. hirticula 
• The data were all analysed with Fisher's test of significance for the means of 
small samples. 
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have a high death rate earlier in the season and are much more susceptible 
to insecticides than the females. This is also true for the male P. lanceo-
lata; in fact, they proved to be affected a great deal more by hot weather 
and handling than the males of P. hirticula. 
The P. lanceolata were not discovered in Iowa until rather late in the 
flight season, and at that time the weather was so extremely hot that the 
flight period was greatly shortened. Temperatures were so high in the 
laboratory at the time the experiments were in progress, that the beetles 
were kept alive only by placing them in a cool room. 
It is of course axiomatic that the control of female beetles in the field 
is more important than the control of males, if females are destroyed 
previous to oviposition. 
SUMMARY 
Adult female June beetles, Phyllophaga lanceolata (Say), were ad-
ministered various dosages of paris green, cuprous cyanide, arsenious ox-
ide, acid lead arsenate, calcium arsenate, zinc arsenite, and sodium fluosili-
cate. Males were not used in these tests. The estimated median lethal 
dose for paris green was 0.03 mg./gm. of body weight; cuprous cyanide 
0.04 mg./ gm., arsenious oxide 0.06 mg./ gm. and acid lead arsenate 0.12 
mg.jgm.; calcium arsenate from this sample evidently produced very little 
toxic effect; sodium fluosilicate seems to be of low toxicity; the zinc arse-
nite apparently has a relatively high toxic value for this insect. No 
M.L.D. was obtained for the three latter compounds. Beetles died even 
though they regurgitated freely after feeding upon the poison. Acid lead 
arsenate seemed to stimulate oviposition. 
LITERATURE CITED 
CAMPBELL, F. L. 
1932. Preliminary experiments on the toxicity of certain coal-tar-dyes for 
the silkworm. Jour. Econ. Ent., 25: 905-917. 
------AND R. S. FILMER 
1929. A quantitative method of estimating the relative toxicity of stomach-
poison insecticides. Trans. IV. Internatl. Congr. Ent. Ithaca, 1928, 2: 523-533. 
FISHER, R. A. 
1933. Statistical methods for research workers. Oliver and Boyd, Edin-
burgh, Fourth Revised Edition. 
RICHARDSON, c. H., AND L. E. HAAS 
1931. The toxicity of acid lead arsenate to the larva of the Colorado potato 
beetle. Jour. Econ. Ent., 24: 732-736. 
1932. The evaluation of stomach poisons for grasshopper baits. Jour. Econ. 
Ent., 25: 1078-1088. 
------ AND G. A. THURBER 
1933. Further studies on the relative toxicity of poisons for grasshopper 
baits. Jour. Econ. Ent., 26: 494-499. 
TRAVIS, B. V., AND G. C. DECKER (Co-authorship). 
1933. A study on the use of arsenical dusts for the control of June bettles. 
Iowa State College Jour. Sci., 8:493-498. 

THE TOXICITY OF CERTAIN STOMACH POISONS TO THE JUNE 
BEETLE, PHYLLOPHAGA IMPLICITA (HORN) 1 
FLOYD ANDRE AND PHILIP E. PRATT' 
From the Entomology and Economic Zoology Section, Iowa Agricultural Experiment 
Station 
Accepted for publication November 15, 1935 
Adults of the common white grub, or June beetles, have been respon-
sible for considerable defoliation damage to both shade and forest trees 
in Iowa during the past 20 years. In numerous cases reported, entire wood-
lots have been practically denuded; and, in a few instances, most of the 
trees on certain golf courses were defoliated. 
Numerous requests have been received at the Iowa Experiment 
Station for a method of controlling the beetles during their destructive 
period. Naturally enough, by poisoning the adults one would conse-
quently reduce the population of grubs that would ordinarily be present 
the ensuing year. Previous to the present study virtually nothing was 
recorded in entomological literature concerning specific amounts of poison 
fatal to June beetles of nocturnal habit. Travis and Decker (1933) have 
reported successful kills by dusting a mixture of 40 per cent calcium arse-
nate and 60 per cent bentonite on leaves of oak under cage conditions, 
but they did not attempt to determine the specific amounts of poison fatal 
to the beetles. Travis (1936) worked with adults of Phyllophaga lanceo-
lata (Say), a diurnal form, and determined four median lethal doses. 
Before one can recommend poisons to be dusted on the foliage of 
trees and shrubs which may serve as preferred hosts for the feeding ac-
tivities of imago Phyllophaga, a knowledge of the relative toxicity of the 
different stomach poisons is of paramount importance. As the present 
spring and summer (1935) was the period for Brood A results to be pres-
ent, certain species could be obtained in abundance. These studies were 
therefore worked out under laboratory and field conditions, but only the 
laboratory phase of the problem will be dealt with in this paper. 
MATERIALS 
The species of June beetle selected for this study was Phyllophaga 
implicita (Horn). This particular form is nocturnal in habit. During the 
day it secretes itself in sod, beneath the surface of cultivated ground, un-
der boards, logs, dead leaves, and in other similar situations; and with 
the approach of darkness it comes forth from its hiding place to seek its 
food plants. In the vicinity of Ames, as in most other sections of the state 
during 1935, it was by far the most abundant of the various species of 
June beetles, and could be collected in large numbers from willow and 
elm in almost any locality. 
'Journal Paper No. J297 of the Iowa Agricultural Experiment Station, Entomology 
Section, State Project 128. 
2 The writers wish to express their appreciation to Dr. C. J. Drake, who made the 
completion of this work possible, and to Dr. C. H. Richardson for his valuablP sug-
gestions. 
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The adult insects used in the experiment were collected by placing a 
large canvas under a branch of a medium-sized willow or elm where the 
beetles had congregated and then shaking the feeding beetles from the 
particular limb. A large number of specimens could be collected in this 
manner in a very few minutes. Usually the collections were made at about 
10 p. m., or shortly after the beetles had settled on the foliage and had 
begun feeding. Immediately after the collection was made the beetles 
were taken to the screened insectary and confined in insect cages, each 
of which had a two-inch layer of soil in the bottom. Each evening they 
were fed on fresh willow leaves. To insure a fresh supply of beetles, 
collections were made every fourth day and the beetles on hand at the 
end of the four-day period were discarded. 
Eight different poisons were used in the experiments: (1) calcium 
arsenate, (2) rotenone, (3) a commercial manganese arsenate, (4) acid 
lead arsenate, (5) paris green, (6) sodium fluoride, (7) cuprous cyanide, 
and (8) sodium fluosilicate. An attempt was made to determine the 
M. L. D. for each of these compounds. However, for reasons which will 
be discussed later, this was not practical in the case of the first three 
poisons. An M. L. D. was determined for each of the latter five com-
pounds, however. 
The insecticides used contained the following proportions of the 
various materials: (1) calcium arsenate (CaO 33.16 per cent, As~05 31.23 
per cent, water soluble As20 5 0.29 per cent), (2) rotenone (95 per cent 
rotenone), (3) manganese arsenate (As20 5 40 per cent, metallic arsenic 26 
per cent, active manganese 68 per cent, inactive 32 per cent), (4) acid lead 
arsenate (PbO 64.50 per cent, As20 5 32.80 per cent, water sol. As20 5 0.5 
per cent), (5) paris green (CuO 38.84 per cent; As20 3 54.75 per cent, 
water soluble As20 3 3.00 per cent), (6) sodium fluoride (99 per cent 
NaF), (7) cuprous cyanide (99.34 per cent CuCN) and (8) sodium fluo-
silicate (Na2SiF6 96.71 per cent). 
METHOD 
Disks 18 mm. in diameter were cut from freshly gathered elm leaves 
by means of a cork borer and then kept in a moist chamber until ready for 
use. The method of Campbell and Filmer (1929) was employed to obtain 
a dose of poison on thirty leaf disks. A square of millimeter cross-section 
paper, having an area of 2500 mm., was placed on the glass plate with 
the leaf disks. A dust cloud of the poison to be used was blown into a bell 
jar and allowed to settle on the leaves as well as on the squared-millimeter 
paper. Before the paper was dusted it was weighed on a chainomatic 
balance, and after the dusting was completed, weighed again. Thus by 
taking the difference between these two weights the weight of poison 
on 2500 mm.2 of paper could be obtained, and from this was calculated the 
amount of poison on 1 mm.2 of leaf. 
After the dusting had been completed the leaf disks were removed 
to a clean paper and the sandwiches finished by placing on each poisoned 
disk a leaf-disk of the same size free from poison but coated with a solution 
of gum arabic applied by means of a camel's hair brush. 
The leaf sandwiches thus prepared were held in a paper clip, which 
was inserted in a split cork, and presented to the adult beetles in 6 cm. 
Stender dishes. On the bottom of each dish was a moistened blotting paper 
to prevent the leaf sandwiches from shrinking through the evaporation of 
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water from the leaf tissue. The beetles were given the sandwiches in the 
late afternoon, preferably about sundown, since feeding would start rather 
shortly after this time. Contrary to the usual procedure, the beetles 
were allowed to eat as much of the sandwich as they wanted. This made 
it necessary to apply each poison at various rates to different groups of 
leaves so that lethal, intermediate, and sublethal doses could be obtained. 
The following morning the partly-eaten sandwiches were superimposed 
upon an 18 mm. diameter circle drawn on square millimeter cross-section 
paper. The exact area eaten by the individual beetles was determined by 
counting the squares of this circle exposed by the portion of the sandwich 
eaten away. Each beetle was weighed on a chainomatic balance and placed 
in a 20 x 50 mm. vial. Moist soil and a small piece of elm leaf were added 
and the end of each vial was stoppered with a cork. The vials were then 
placed in the screened insectary, and at intervals of 24, 48, 72 and 96 
hours the number of dead and living beetles was determined. A beetle 
that could not move its legs was considered dead. 
A control group of insects was used each time a group was poisoned. 
These were fed sandwiches glued together with gum arabic. In a total of 
467 controls a mortality of 8.6 per cent was found. 
DISCUSSION 
The results of the experiments with acid lead arsenate, cuprous 
cyanide, sodium fluoride, sodium fluosilicate, and paris green are sum-
marized in table 1. 
With acid lead arsenate, it was found that the M.L.D. for female 
June beetles was 0.14 mg.jgram and half this amount, or 0.07, for males. 
Campbell (1930), using the fourth instar larvae of the silkworm (Bombyx 
mori L.), obtained an M.L.D. of 0.09 mg./ gram. 
Paris green proved to be more toxic than lead arsenate to the June 
beetles. For females the M.L.D. was 0.08 mg./ gram and for males 0.04 
mg./ gram. Richardson and Haas (1932) estimated the M.L.D. of paris 
green to the larva of Leptinotarsa decimlineata (Say) as being less than 
0.10 mg./gram, and twice that amount for the grasshopper, Melanoplus 
femur-rubrum (Deg.). 
Cuprous cyanide showed a wide variation in its toxicological value 
upon males and females of the June beetle; an M.L.D. of 0.04 mg./ gram 
was found for the former and 0.14 mg.jgram for the latter. The M.L.D. 
of the males corresponded to that of the fourth instar silkworm (Bombyx 
mori L .), which is reported by Campbell and Filmer (1929) as being 0.04 
mg./ gram; whereas, the M.L.D. of females used in these experiments was 
rather close to that of the differential grasshopper (Melanoplus differen-
tialis Thomas), an M.L.D. of 0.11 to 0.13 mg.jgram as determined by 
Richardson and Thurber (1933). 
With sodium fluoride an M.L.D. of 0.16 mg./gram was obtained with 
males and 0.29 mg/ gram with females. These figures are both consider-
ably higher than the M.L.D. of 0.11 mg./ gram of this compound for the 
differential grasshopper as reported by Richardson and Thurber (1933). 
Sodium fluosilicate was approximately twice as toxic to the male 
June beetle as to the females. The M.L.D. in the case of the former was 
found to be 0.21 mg./ gram and with the latter 0.44 mg./ gram. Previous to 
this Richardson and Haas (1932) obtained a value of 0.16 mg./ gram with 
TABLE 1. Toxicity of various stomach poisons to Phyllophaga implicita (H0nt) showing dosages in mg./gram body weight 
Compound Paris green Lead arsenate Cuprous cyanide Sodium fluosilicate Sodium fluoride 
Sex 'i' cl 'i' 0 'i' cl 'i' cl 'i' I 0 
Lethal zone 
dosage range 0.39--0.29 0.31--0.07 1.00--0.25 0.41--0.12 0.66--0.21 0.21--0.08 1.17--0.82 1.02--0.54 1.63--0.59 1.22--0.26 
Number insects 13 12 10 15 19 11 17 23 21 14 
Intermediate zone 
dosage range 0.19--0.02 0.06--0.01 0.24--0.03 0.11--0.02 0.20--0.03 0.77-0.01 0.81--0.10 0.48--0.09 0.57--0.06 0.25--0.04 
Dead 45 17 18 18 33 17 18 30 25 18 
Recovered 41 25 23 13 22 25 16 24 21 23 
M.L.D. 0.08 0.04 0.14 0.o7 0.14 0.04 0.44 0.21 0.29 0.16 
Median dose 
where killed 0.08 0.04 0.16 0.07 0.16 0.05 0.44 0.22 0.30 0.17 
Median recovery 
dose 0.08 0.04 0.12 0.o7 0.13 0.04 0.44 0.20 0.27 0.16 
Sublethal zone 
dosage range 0.02--0.01 0.01--0.00 0.03--0.01 0.02--0.01 0.03--0.01 0.01--0.00 0.09--0.02 0.08--0.01 0.04--0.01 0.03--0.00 
Number insects 10 17 16 9 11 15 14 26 I 18 16 
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this poison when fed to the red-legged grasshopper, Melanoplus femur-
rubrum (Deg.). 
With the three other compounds, namely calcium arsenate, commer-
cial manganese arsenate, and rotenone, an M.L.D. was not obtained. It 
was found that enough manganese arsenate could not be dusted on a leaf 
to produce a lethal dose under the conditions of this experiment. A 5 per 
cent mixture of rotenone in starch did not prove to be a lethal dose, even 
when the maximum quantity that would stay on a leaf was applied, so for 
this reason experiments were discontinued as being economically imprac-
tical. Calcium arsenate in doses ranging from 0.0012 mg./gram to 4.99 
mg.jgram produced only a 24 per cent mortality in 177 beetles. Man-
ganese arsenate in doses from 0.0173 to 2.36 mg./ gram produced a 7 per 
cent kill in 1'69 individuals. Rotenone doses ranging from 0.0053 to 0.386 
mg.jgram resulted in a 4 per cent mortality out of 83 beetles. 
A study of table 1 reveals that in each instance there is a distinct 
difference in the M.L.D. value with each poison between male and female 
June beetles. The widest variation between the two sexes occurs in the 
case of cuprous cyanide, which was found to be three times as toxic to 
males as to females. With the other poisons the value of the M.L.D. in the 
case of females is roughly twice that for the males. 
Table 2 shows a comparison of the five poisons as to their relative 
toxicity and as to the relative amounts of poisoned leaf eaten by the 
beetles. Lead arsenate was considered as equal to 1.00 in both cases and 
the comparisons were made on that basis. It will be observed that sodium 
fl.uosilicate was eaten by the beetles most readily. However, it should 
be noted that sodium fl.uosilicate was the least toxic and paris green the 
most toxic of the insecticides (table 2). The figures obtained for the dif-
ferent compounds compared on this basis are of value in showing the 
repellent action of the individual poisons. 
The average weight of 138 females was 0.36 grams, with a range from 
0.16 to 0.64 grams. A group of 143 males weighed from 0.19 to 0.47 grams 
with a mean of 0.27 grams. 
TABLE 2. Showing the relative toxicity of the compounds tested and the relative 
amounts eaten by the beetles, assuming lead arsenate to females as equal to 1.00 
Sodium 
Paris Lead Cuprous fluosili- Sodium 
Compound green arsenate cyanide cate fluoride 
Sex 'i1 r! 'i1 r! 'i1 r! 'i1 r! 'i1 r! 
Relative toxicity 
0.3210.66 PbHAs0,=1 1.75 3.50 1.00 2.00 1.00 3.50 0.48 0.85 (to 'i1 's) 
Relative amount of 
poisoned leaf eaten 0.12 0.10 1.00 0.94 0.41 0.36 1.62 1.57 1.35 1.21 
PbHAs0,=1 
(to 'i1 's) 
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SUMMARY 
Adults of the June beetle, Phyllophaga implicita (Horn) were used 
as experimental insects in an effort to determine the M.L.D. values of 
eight stomach poisons. Values were successfully found for five of the 
compounds tried, namely: paris green, acid lead arsenate, cuprous cyan-
ide, sodium fluosilicate, and sodium fluoride. 
A wide variation was noted between the amounts of poison required 
to kill males and females of this beetle. It was found necessary, therefore, 
to determine an M.L.D. value of each poison for each sex. Males in every 
instance were killed more readily than females. Paris green proved to be 
the most toxic to females in mg./ gram of body weight whereas paris green 
and cuprous cyanide were equally toxic to males. On the other hand, 
sodium fluosilicate proved to be least toxic to both females and males as 
determined on the basis of mg/gram of body weight. Females ate the 
poisons a little more readily than the males in every instance. The five 
insecticides can be arranged in the following order from the standpoint 
of getting the beetles to eat them most readily-sodium fluosilicate, 
sodium fluoride, acid lead arsenate, cuprous cyanide, and paris green 
(table 2). 
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The cuticula of insects offers a barrier to most injurious substances 
which these animals encounter in their environments. Possessed of a 
structure and composition which afford great resistance to many chemi-
cal agents, it, nevertheless, is permeable to certain substances, including 
carbon dioxide and a number of inorganic and organic poisons. 
This investigation attempts to establish the penetration of pyridine, 
piperidine and nicotine into the body of an insect from saturated atmos-
pheres of their vapors in air. Information is also presented on the speed 
of entrance and the quantity of the compounds which enters the body 
within a given time; and an attempt is made to correlate speed of entrance 
with the vapor concentration and certain other known physical charac-
teristics of the compounds. Finally, some facts are presented concerning 
the distribution of the compounds in the tissues. 
A preliminary account of this investigation has already appeared 
(22). The following more detailed report presents a part of the results 
which have been obtained to date. 
HISTORICAL 
Concerning the physiological action of pyridine upon invertebrates, 
comparatively little is known except that it is mildly toxic to certain 
arthropods (20). Recently it has been found that if the oriental cockroach 
(Blatta orientalis) is exposed to pyridine gas, it yields little blood, though 
the cell content and process of blood coagulation are apparently normal 
(26). But the unpublished work of Robert A. Fisher (1935) indicates a 
possibly significant increase in the blood cell count of this insect follow-
ing death from pyridine vapor. 
Upon vertebrates, M'Kendrick and Dewar (18) observed that pyri-
dine was the least active of a series of pyridine derivatives, including 
piperidine and nicotine. Brunton and Tunnicliffe (3) found that the ac-
tion of pyridine on the frog and the guinea pig was confined to the sensory 
part of the nervous system; although in small doses it exerted a stimu-
lating, and, in large doses, a direct paralyzing action upon cardiac muscle. 
deCaro (7) injected pyridine and some related compounds into the lymph 
sac of the frog. Acting predominantly on muscle and feebly on nervous 
tissue, it was the least effective of the group. From kymograph tracings 
obtained with sartorious muscle of the frog, Veley and Waller (31) cal-
culated that pyridine had about one-tenth the toxic power of nicotine and 
1 A contribution to the action of compounds containing the pyridine nucleus upon 
insects. 
•Fellow, Rockefeller Fluid Research Project No. 9, Iowa State College. 
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one-fifth that of piperidine. Shaw (25) found that pyridine was readily 
absorbed by the erythrocytes of the domestic fowl. 
Although piperidine has been recognized as more toxic than pyridine 
to certain arthropods (20, 28), its physiological action on invertebrates 
has received little attention. It was established by M'Kendrick and Dewar 
(18) that piperidine exerted a more intense physiological action than 
pyridine upon a number of vertebrates. Heinz (13) found piperidine 
similar !o pyridine in its action on the frog, but more intense. The free 
base of piperidine was more energetic in its action on the cornea and con-
junctiva of the rabbit and the nerve endings in frog skin than was piperi-
dine hydrochloride. The results of Veley and Waller (31) show that 
piperidine is about half as active as nicotine on frog muscle and that it has 
five times the toxic power of pyridine. According to deCaro (7) piperidine 
acts more energetically than pyridine upon nerve and muscle. 
In an early account of the action of nicotine on invertebrates, Green-
wood (10) concluded that the toxic effect on an organism was determined 
by the degree of development of its nervous system, unicellular organ-
isms therefore being least affected. On the ciliate, Chilodon megalotrocha, 
Kriz (15) has shown, however, that nicotine exerts a selective action, de-
pressing especially the posterior cilia and those of the left side. 
Nicotine paralyzes the central nervous system and visceral ganglia 
of Mollusca and marine arthropods but does not paralyze the motor nerve 
endings of skeletal or visceral muscle (4). Boyer and Cardot (2) found 
that the isolated heart of the snail, Helix pomatia, was extremely sensitive 
to nicotine. Fries (8) failed to obtain reversal of galvanotropic responses 
of the isopod., Asellus communis, by the action of nicotine. He makes the 
following statement of interest here: "Although impermeability of the 
exoskeleton may be a factor in the failure of isopods to show any reac-
tion to atropine and caffeine, clearly, nicotine at least can penetrate." 
The author does not show how penetration was demonstrated. 
The literature of economic entomology is replete with references to 
the toxicity of nicotine to insects. This alkaloid has become almost a 
specific for the control of aphids and certain other small insects. For many 
large insects and some small species, however, its toxicity is much lower. 
On the other hand, the physiological action of nicotine upon insects has 
received much less attention. 
Mclndoo (17) made a study of the action of nicotine upon various 
species of insects and reviewed the more pertinent literature. He de-
scribed the responses of insects in contact with the vapors and solutions of 
nicotine, and sought to establish the presence of the alkaloid in certain 
tissues of the insects. Of greatest interest for the present investigation are 
his experiments in which attempts were made to precipitate the alkaloid 
by means of phosphomolybdic acid in the tissues of the insects immedi-
ately after death from nicotine poisoning. The nicotinized insects were 
sectioned and certain tissues were examined for the presence of nicotine 
precipitates. Precipitates were reported in the tracheae and in the ventral 
ganglia which he believed were reaction products of nicotine and phos-
phomolybdic acid. Mcindoo concluded that nicotine in solution does not 
pass into the integument or the tracheae of insects, whereas, nicotine 
vapor does pass into the tracheae and is widely distributed in the tissues. 
The toxic action results, he thought, from paralysis which travels along 
the ventral cord from the abdomen to the brain. 
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Schellhase (24) produced convulsive responses, quickly followed by 
death, with weak solutions of nicotine applied to the neck stump of de-
capitated hippoboscid flies. Becker (1) made a similar study of alkaloids 
upon grasshoppers, injecting solutions of the compounds into the peri-
cardia! cavity, into the head ampullae or into the intestine of decapitated 
insects. Nicotine brought about a tonic cramp in the jumping leg. 
Richardson and Shepard (21) observed that the speed of toxic action 
of aqueous nicotine solutions for mosquito larvae, Culex pipiens, was di-
rectly related to the concentration of the undissociated nicotine molecules. 
Under the experimental conditions, penetration of the nicotine probably 
took place largely through the mouth, into the digestive tract and thence 
into the tissues, although penetration through the integument was also 
probable. Macht and Craig (16) also observed large differences in the 
toxicity of nicotine base and nicotine salts for a number of invertebrate 
and vertebrate animals. 
Portier (19) placed strong nicotine solutions upon the antennae of 
adults of Vanessa atalanta and Satyrus actea. The alkaloid penetrated the 
nerves and probably the tracheae in these appendages. Hartzell and Wil-
coxon (12) report experiments which tend to show that nicotine is able 
to penetrate the integument of the tobacco worm, Phlegethontius quin-
quemaculata. 
Shull, Riley and Richardson (26) observed no visible effect of nico-
tine on the process of blood coagulation in the oriental cockroach, Blatta 
orientalis, or upon the blood cells. 
The principal features of the action of nicotine on vertebrates as 
understood at present, are well described by Cushny (6). Death of the 
animal is said to result from paralysis of the respiratory center. Thomas 
and Franke (29), however, contend that failure of the respiratory mech-
anism results primarily from the curare-like paralysis of the respiratory 
muscles. 
MATERIALS 
The insects used in this investigation were largely adults of the 
American cockroach, Periplanata americana, the average weight being 
0.948 gram; the few younger individuals employed were in the late 
nymphal instars. 
The chemicals employed in the tests were high-grade products. The 
pyridine was redistilled from a reagent grade and collected between 112° 
and 113° C. (740 mm. pressure). The piperidine was of reagent grade, 
and was kept in an anhydrous condition by contact with solid potassium 
hydroxide. The nicotine was a redistilled product which tested 99.32 per 
cent nicotine. 
The reagents by means of which the compounds were detected and 
quantitatively estimated were three in number: Wagner's reagent, a solu-
tion containing iodine and potassium iodide, proved most useful to con-
firm detection of pyridine; phosphomolybdic acid reagent, a 10 per cent 
solution of phosphomolybdic acid, which contains 1 per cent by volume of 
concentrated nitric acid, was used to estimate the three compounds, 
whereas gold bromide reagent (a solution containing equal quantities of 
HAuC14 .4H20 and NaBr in water) was used only to confirm the pres-
ence of piperidine and nicotine. The formulas for the preparation of these 
reagents are given by Fulton (9). 
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METHODS 
The insects were exposed to the vapors at 30° C. in an ordinary glass 
bottle of 250 cc. capacity, the small wire cage which held the insects being 
suspended from a hook inserted into the shellacked cork stopper. An 
almost saturated atmosphere of the compound in the bottle was assured 
by an excess of the compound on the bottom. 
Since these bases are volatile in steam, the following procedure 
was used for their determination in whole insects. Three insects were 
weighed and exposed to a gas for a definite time; they were then removed, 
washed in a stream of distilled water, placed in a flask with 20 cc. of 
absolute alcohol acidified with tartaric acid, cut into fragments with scis-
sors, transferred to a 200 cc. Kjeldahl flask and refluxed for about 10 
minutes. The condenser was a test tube which fitted snugly into the neck 
of the flask. After the removal of the alcohol, the sirupy residue was 
dissolved in 20 cc. of distilled water. Filtration was unnecessary here, 
for blank determinations of untreated tissue showed that no material 
was present which would pass into the distillates to interfere with the 
reagents used in detecting the toxic compounds. This acidified mixture 
of extract and extracted tissue was made alkaline with dilute potassium 
hydroxide solution; then steam was passed through it until 100 cc. of the 
distillate were collected in a weak tartaric acid solution. Previous tests 
showed that the compounds were completely recovered in this volume of 
distillate. The distillates were concentrated to the desired volume on a 
water bath aided by a current of filtered air. Usually at least three inde-
pendent determinations were made. 
When the compounds were to be determined in the various tissues 
of the insects, the procedure was varied somewhat. The tissues desired 
were dissected into tared weighing bottles. Muscular tissues were ob-
tained from the leg and wing muscles, the average moist weight of mus-
cular tissue from a single roach being 0.085 gram; the digestive tract 
(average weight 0.126 gram) included the whole alimentary canal; the 
nerve tissue (average weight 0.007 gram) included the entire ventral 
nerve cord but not the brain. The fat body tissue (average weight 0.069 
gram) was removed directly from the body cavity; the cuticula3 (average 
weight 0.423 gram) was the entire exoskeleton with most of the abdominal 
muscles and fatty tissue removed. Usually a smaller total weight of mate-
rial had to be used for the determination of the compounds in the tissues 
than for the determinations in the whole insects. 
Whatever the toxic compound used, the concentrated distillates were 
first tested with the phosphomolybdic acid reagent. With nicotine, this 
reagent gives an evident turbid amorphous precipitate in a solution con-
taining 0.002 gram per 100 cc. of solution. Gold bromide was used to 
confirm the presence of nicotine. Piperidine gives with phosphomolybdic 
acid reagent a crystalline precipitate of characteristic, small, irregular 
grains easily discernible in solutions containing 0.05 gram of piperidine 
per 100 cc. of solution. Gold bromide precipitates large, dark-brown, 
branched crystals at concentrations of piperidine considerably below the 
'The term cuticula is used here in a somewhat loose sense, to include the various 
layers of the true cuticula, the underlying epidermis and the basement membrane. 
(Cf. Snodgrass, 27.) 
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limits detected by the phosphomolybdic acid reagent. With concentrations 
of 0.006 gram per 100 cc., pyridine yields lens-shaped crystals with the 
phosphomolybdic acid reagent. Wagner's reagent, somewhat more sensi-
tive (0.004 gram of pyridine in 100 cc. or less) was used to confirm the 
presence of this compound. The crystals, brown, flat and characteristically 
notched, are very diagnostic. 
After a concentrated distillate was tested to determine the presence 
of the toxic compound, a 1 cc.-aliquot of it was diluted with an equal vol-
ume of distilled water; this solution was then diluted to form a series of 
solutions each containing one-half the concentration of the solution above 
it. To a drop from each solution on a glass slide was added a drop of the 
phosphomolybdic acid reagent. The solution, which gave a faint but 
easily discernible precipitate (with nicotine, equivalent to that of a 0.002 
per cent nicotine solution), was taken as the limiting dilution of the com-
pound. With a knowledge of the weight of the original insect tissue ex-
tracted, the volume of the original distillate, degree of dilution of the dis-
tillate and concentration of the toxic compound at the limiting dilution, 
it was possible to express the approximate quantity of toxic compound 
absorbed in milligrams per gram of insect tissue. The presence of the 
compound in the diluted distillate was further confirmed by means of 
another reagent as indicated above. 
Not all of the reagents were employed at the exact limits of detec-
tion of the particular toxic compound. The "end-point" selected was one 
at which detection was certain and comparisons could be made without 
great difficulty. This required some experience and repeated verification 
with solutions of known concentration of the toxic compounds. The quan-
titative values, of greater worth as comparative measures than as absolute 
measures of the compounds present in the insect, are, however, considered 
adequate for the present study. 
RESULTS 
The average concentration of pyridine in the bodies of cockroaches 
(fig. 1) after being exposed to the vapors for 5 minutes was 0.4 mg.lg. 
body weight; in 20 minutes 2.0 mg.jg., in 40 minutes 2.9 mg.j g., and in 60 
minutes 2.9 mg.j g. In 40 minutes, about 22 per cent of the insects were 
dead, and in 60 minutes 73 per cent. Thus 50 per cent of the roaches died 
in about 51 minutes when the body contained pyridine at a concentration 
of 2.9 mg.jg. 
In the experiments in which body parts and tissues were tested for 
the toxic compounds, pyridine did not seem to exhibit great selectivity. 
However, even in the first 5 minutes, relatively large quantities of the 
base were found in the ventral nerve cord, and the concentration in-
creased up to 20 minutes (fig. 6). The cuticula (fig. 2) received only a 
small quantity of pyridine in 5 minutes, though the amount was greatly 
increased at 60 minutes. The fat body (fig. 5) showed only a small quan-
tity in 5 minutes, but it was increased in 60 minutes to a value comparable 
with that in the digestive tract (fig. 4). Even after 60 minutes, the muscle 
(fig. 3) had taken up only a small quantity of pyridine. 
The average concentration of piperidine in whole cockroaches ex-
posed to the vapors for 5 minutes was 0.6 mg. per gram of body weight; 
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Fig. 1. Relative time course of entrance of pyridine, piperidine and nicotine into 
the entire American cockroach, Periplaneta americana, from saturated atmospheres 
of their vapors in air. For pyridine and piperidine the abscissas indicate minutes, for 
nicotine hours. 
1.7 mg.jg. (fig. 1). Thirty-six per cent of the cockroaches were dead in 
10 minutes, 70 per cent in 16 minutes and 82 per cent in 20 minutes. About 
50 per cent of the roaches had died in 12.5 minutes when the body con-
tained a piperidine concentration of about 1 mg.jg. 
During the 20 minute exposure, there was a very great accumulation 
of piperidine in the muscle (fig. 3). The cuticula and the ventral nerve 
cord received a similar amount. At all time levels, the fat body showed 
the lowest concentration of piperidine (fig. 5) . 
The average concentration of nicotine found in entire cockroaches 
after 60 minutes exposure was 0.2 mg. per gram of body weight; after 8 
hours about 0.77 mg.jg.; after 13 hours about 1.05 mg.jg.; after 16 hours 
about 1.3 mg.jg., and after 20.3 hours about 1.5 mg.jg. (fig. 1). About 50 
per cent of the insects were dead in 14.3 hours when the body contained 
about 1.2 mg.jg. of nicotine. 
In no tissues examined was there such a high concentration of nico-
tine as in the cuticula. The muscle, fat body, digestive tract and nerve 
cord in 900 minutes showed about equal quantities of this compound. 
DISCUSSION OF RESULTS 
Pyridine, piperidine and nicotine are representatives, respectively, of 
three series of homologous compounds. In structure and in most physical 
characteristics, pyridine and piperidine are more alike than either is to 
nicotine and they resemble each other more in their physiological action 
and toxicity. 
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Fig. 2. Rate of entrance of the three 
bases into the cuticula of the cockroach. 
For nicotine the time is divided by 10. 
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Fig. 3. Rate of entrance of the three 
bases into the muscles of the wings and 
legs. For nicotine the time is divided 
by 10. 
The following table furnishes a comparison of these compounds with 
respect to vapor concentration in air and toxicity to the cockroach. 
Nicotine Pyridine Piperidine 
(11) (32) (23) 
Vapor concentration in air 
at 30° C., mg./liter 0.27 111 173 
Concentration in body when 
about 50 per cent of the 
insects were dead, mg./ gram 1.2 2.9 1.0 
Approximate time in minutes 
to kill about 50 per cent 
of the insects 860 51 12.5 
The ratio of vapor concentration calculated from the above data 
(nicotine: pyridine: piperidine) is 1: 411: 641. On the basis of the concen-
tration present in the bodies of the cockroaches when approximately 50 
per cent of the insects were dead the ratio for the compounds taken in the 
same order is 1: 2.4: 0.9. The numerical order of piperidine and pyridine 
is here reversed and nicotine and piperidine are about equal, that is the 
roaches have absorbed less piperidine and nicotine than pyridine, when 
50 per cent are dead. However, in 12.5 minutes piperidine has killed 50 
per cent of the insects and nicotine and pyridine have killed none. In the 
I °' 1 o);--~-~~,o;,--~-~~,o,,...--'--~~.,o o. o 
TIM!: IN MINUit5 
I 
} 
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Figs. 4 and 5. Rate of entrance of the three bases into the digestive tract tissues 
and the fat body. For nicotine the time is divided by 10. 
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case of the insects exposed to nicotine the outside concentration is not 
large, so accumulation in the body of the amount necessary to kill 50 
per cent of the insects (that is, 1.2 mg./ gm.) proceeds slowly; on the other 
hand, pyridine and piperidine with 
1o ~~~g~~~~~§~~~~ their much greater vapor concentra-1 SO~ VtNt"-"L N<l>'I< COOO- tions offer an almost infinitely large 
t= / p, odd;n. quantity of toxic gas from which 
>--->t-
1
-+ o.1r;d;n. 1 the insects accumulate in a much 
i 
shorter time the requisite amounts 
for death. From the above data the 
relative toxicity is probably best ex-
pressed by the ratio of the product, 
vapor concentration X concentration 
0· '0;...---'--'--~,~~,-.,E--'-,"-,..-,"'-uT-t•~.~0 _,_____.__--=="° in the body to kill 50 per cent X the 
F ig. 6. Rate of entrance of the three 
bases into the ventral nerve cord. For 
nicotine time is divided by 10. 
time necessary to kill 50 per cent; 
for nicotine, pyridine and piperidine, 
this ratio is 1: 59: 8. The sequence 
of the three compounds arranged in 
decreasing order on the basis of this toxicity ratio is: nicotine > piperi-
dine > pyridine. 
In water, these compounds are all highly soluble. Their toxicities dD 
not follow their solubilities in ths medium. 
The molecular weights of the three compounds are: nicotine 162.12, 
pyridine 79.05, piperidine 85.09; when taken in this order the molecular 
weights arrange themselves in the ratio 1: 0.488: 0.532. There is a certain 
relation between the order of the molecular weights and the toxicity, 
but the difference in the toxicity between pyridine and piperidine is much 
greater than the difference between their molecular weights. 
The dissociation constants of these compounds in water are: piperi-
dine 1.10 X 10-s (30); nicotine 9 X 10-1 (5); pyridine 1.4 X l0-9 (14). 
Piperidine is relatively a strong base, being stronger than ammonium 
hydroxide (K = 1.8 X 10-5). Pyridine is a very weak base, whereas nico-
tine occupies an intermediate position. The order of toxicity of these 
bases is not the order of their dissociation constants. Neither does the 
speed of entrance follow this order, for in the first 20 minutes of exposure, 
piperidine and pyridine enter the body at nearly the same rate. Appar-
ently the more dissociable (ionic) piperidine is more toxic and as per-
meable to this insect as the relatively undissociable pyridine. 
A study of the distribution of the compounds in the various body 
parts and tissues shows a number of differences. Nicotine, for example, 
steadily accumulates in the cuticula even after its concentration in the 
digestive tract tissues and the ventral nerve cord have reached apparent 
equilibrium. The quantities of nicotine in the muscle and fat body also 
increase, but the final concentrations reached are not so large. 
Mclndoo (17) has contended that nicotine enters the insect through 
the tracheae and thence passes into the tissues. The present data do not 
support this view. Furthermore, it has been shown (22) that nicotine, 
piperidine and pyridine vapors are able to penetrate directly into the 
cuticula of several species of insects. Cockroaches were exposed to the 
vapors by being fastened to the cork stoppers of gas bottles with only a 
part of one anterior wing sealed off in contact with the gas. Sufficient 
quantities of these compounds to give good quantitative values were 
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found in the tissues of the exposed insects. Corn ear worm larvae and 
grasshoppers, similarly sealed so that only a portion of the cuticula was 
in contact with the toxic vapors, also demonstrated the penetration of 
these compounds directly through the cuticula. Details of these experi-
ments will soon be published. 
Piperidine accumulated chiefly in the cuticula, muscular tissue and 
ventral nerve cord. In 20 minutes, the concentrations in these three 
tissues were about equal. The digestive tract and fat body received 
smaller amounts of piperidine. Apparently the accumulation of piperidine 
in the ventral nerve cord is more rapid than in any of the other tissues. 
The evidence here likewise points to the importance of penetration 
through the cuticula. The tissues nearest the cuticula, namely the ventral 
nerve cord and the leg and wing muscles, contain the greatest quantity 
of piperidine; those tissues farthest removed from the cuticula (fat body, 
digestive tract) the least. A gradient is therefore established from the 
cuticula to the innermost tissues. Such a gradient would probably not 
be present if these tissues were absorbing piperidine only from the blood, 
which, in turn, obtained it from the tracheae. This is shown in a less 
striking degree by pyridine. 
After 60 minutes, pyridine is found in approximately the same con-
centration in both cuticula and ventral nerve cord, though in the latter 
tissues the rate of accumulation is higher. The accumulation in the 
muscle, digestive tract and fat body is similar, with least appearing in the 
muscle. This is interesting in view of deCaro's conclusion (7) that in 
vertebrates pyridine is a muscle poison. However, the concentration of a 
compound in a tissue may not be closely correlated with the physiological 
action which it produces. 
The authors wish to acknowledge the support given by a grant from 
the Rockefeller Fluid Research Fund, which made this project possible; 
and the cooperation of Mr. C. C. Fulton, who kindly furnished certain 
information on the sensitivities of precipitating reagents for the toxic 
compounds. They are also indebted to Dr. L. 0. Ellisor for assistance 
with certain experiments. 
SUMMARY AND CONCLUSIONS 
The American cockroach, Periplaneta americana (L.) was treated 
with pyridine, piperidine and nicotine in the gaseous state. Entire insects, 
parts and tissues were extracted and the compounds were detected and 
their concentrations were determined in the extracts. 
On the basis of the products, outside concentration X concentration 
in the body for 50 per cent mortality X time for 50 per cent of mortality, 
the compounds show the following order of toxicity: nicotine > piperi-
dine > pyridine. This is the order of their toxicity and of their known 
physiological action upon vertebrate animals. 
The approximate concentrations in the bodies of the cockroaches 
when 50 per cent were dead and the times for 50 per cent mortality are 
as follows: pyridine 2.9 mg.jg. in 51 minutes; piperidine 1.0 mg.jg. in 12.5 
minutes, and nicotine 1.2 mg./g. in 860 minutes. 
These compounds appear to enter the body largely through the cuti-
cula. 
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The ventral nerve cord does not take up as much nicotine as the 
cuticula and no more than the large muscles, fat body and the tissues of 
the digestive tract. 
The ventral nerve cord accumulates as much pyridine as the cuticula; 
the digestive tract tissues and the fat body less. The muscle showed only 
a small amount of pyridine. 
Likewise, the ventral nerve cord and the cuticula showed about equal 
quantities of piperidine. There was a markedly large amount of piperidine 
in the muscles, whereas a relatively smaller amount was found in the fat 
body. 
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Alcaligenes viscosus is one of the well-known organisms found in 
dairy products. It was apparently first isolated by Adametz (1), who 
obtained it from water and named it Bacillus lactis viscosus; because of its 
action on milk this investigator believed the organism responsible for 
ropiness in dairy products. Since the studies of Adametz, various other 
investigators have obtained A. viscosus from many outbreaks of ropiness 
in milk, cream and other dairy products. 
It appears that most of the cultures of A. viscosus which have been 
identified have come from outbreaks of ropiness in dairy products. This 
defect suggests one of a relatively few species of organisms, just as do a 
number of the other defects of milk and its derivatives, and thus the iden-
tification of the causative organism is comparatively easy. It would be ex-
pected, however, that if A. viscosus is rather frequently found in milk and 
cream in numbers sufficient to cause ropiness, it often would be present 
in smaller numbers and so should be encountered in normal milk and 
cream. 
One of the little known characters of A. viscosus is its ability to hydro-
lyze fat which is readily evident with the Nile-blue sulfate technique (4). 
This character suggests the species may be important from the standpoint 
of the lipolytic organisms in dairy products. 
In a study of the fat-splitting bacteria in normal and abnormal (but 
not ropy) milk, cream and similar products, a large number of organ-
isms were isolated. Thirty-six of the cultures obtained showed the charac-
ters of A. viscosus, including the production of ropiness in milk. These 
cultures were studied in considerable detail. 
SPECIAL CHARACTERS OF A. VISCOSUS 
Action on carbohydrates, etc. In general, carbohydrates, etc., in bouil-
lon were attacked only slightly if at all by the cultures of A. viscosis iso-
lated. A few of the cultures produced acid, but no gas, from certain of the 
sugars and later reversed the reaction. Ayres, Rupp, and Johnson (2) 
studied various alkali-forming bacteria from milk and suggested that the 
alkaline reaction is due to the oxidation of the salts of organic acids present 
in milk or beef-extract broth to alkaline carbonates. In orde rto prevent an 
alkaline fermentation they suggested three synthetic media containing 
dextrose, sodium ammonium phosphate, and potassium chloride in vari-
ous concentrations. The 36 cultures of A. viscosus were inoculated into 
two of the media of Ayres, Rupp, and Johnson. In one (medium A), none 
1 Journal Paper No. J277 of the Iowa Agricultural Experiment Station, Ames, Iowa. 
Project No. 119. 
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of the cultures brought about an acid reaction, while in the other (medium 
C), which contained half the amount of sodium ammonium phosphate and 
double the amount of potassium chloride, 12 of the 36 cultures produced 
an acid reaction. With the low fermenting powers of A. viscosus, it ap-
pears that the action on sugars and comparable materials is of little value 
in identifying this species. 
Hydrolysis of fat. All 36 of the cultures hydrolyzed fat when tested 
with the Nile-blue sulfate technique (4), using cottonseed oil and beef 
infusion agar; the cultures were spotted on the agar, and fat hydrolysis 
was quickly evident. There was considerable variation in the types of 
lipolysis (3) produced by the various cultures. Thirty-two of the cultures 
hydrolyzed all of the globules beneath the growth, while four hydrolyzed 
only a part of them. Twenty-four of the cultures hydrolyzed the fat for a 
considerable distance beyond the edge of the colony, while twelve hydro-
lyzed only beneath the colony. 
Hydrolysis of simple tri-glycerides. The 36 cultures differed some-
what in their action on various simple tri-glycerides dispersed in beef 
infusion agar containing Nile-blue sulfate. All of them hydrolyzed tri-
butyrin and tri-olein, while none of them hydrolyzed tri-myristin, tri-
palmitin, and tri-stearin. Action was variable on tri-propionin, tri-n-
valerin, tri-isovalerin, tri-caproin, tri-heptylin, tri-caprylin, tri-caprin, and 
tri-laurin. 
Action in cream. Each of nine cultures of A. viscosus was inocu-
lated into a flask of sterile cream and the cream incubated at 21° C. 
After seven days all of the cultures had developed rancidity; there was 
considerable variation in the extent of the defect. 
Action in butter. Each of seven cultures of A. viscosus was inocu-
lated into a pint of cream that had been pasteurized at 82° C. for 15 min-
utes and the cream churned. The unsalted butter was held at 21 ° C. The 
numbers of organisms in the butter after six days were rather high, 
varying from 19,200,000 to 254,000,000 per ml. Three of the cultures pro-
duced a definite rancidity in the butter, while two brought about a ropi-
ness in the body with no flavor defect. The remaining two cultures did 
not appear to affect the butter in any manner. 
Production of acetylmethylcarbinol plus diacetyl. Four of the cul-
tures were studied for their ability to produce acetylmethylcarbinol plus 
diacetyl in skim milk. When 200 gm. portions of the cultures that had 
been incubated five days at 21° C. were steam distilled with ferric chloride 
and the distillates collected in a solution of hydroxylamine hydrochloride 
and sodium acetate, no nickel dimethylglyoximate was obtained when 
nickel chloride was added. 
DESCRIPTION OF A. VISCOSUS 
MORPHOLOGY 
(Cultures grown at 21° C.) 
Form and size. Rods; 0.6 to 1.0 by 0.8 to 2.6 µ. when grown one day 
on beef infusion agar. Cells that were almost spherical were frequently 
found in young bouillon or litmus milk cultures. 
Arrangement. Singly, in pairs or short chains when grown in litmus 
milk. 
Motility. Non-motile. 
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Staining reaction. Gram negative; in certain cultures there was a 
tendency for a few cells to retain the gram stain. 
Spores. None formed. 
Capsules. Produced in milk cultures. 
CULTURAL CHARACTERS 
(Cultures grown at 21° C.) 
Agar slope. Beef infusion agar showed an abundant, white, spreading, 
viscid, shiny growth after one to two days. 
Agar stab. In beef infusion agar there was a moderately heavy, vis-
cid surface growth with some development along the line of inoculation. 
Agar colony. On beef infusion agar, growth was evident in approxi-
mately one day, while after three to four days surface colonies were white, 
viscid, shiny, round with entire edge, and from 4 to 6 mm. in diameter; 
subsurface colonies were white, viscid, oval, and much smaller than sur-
face colonies. 
Gelatin stab. No liquefaction. There was a moderately heavy, viscid 
surface growth with some development along the line of inoculation. 
Bouillon. A thin pellicle was formed, with turbidity and some sedi-
ment. Ropiness was generally produced. 
Potato. A moderately heavy, dirty white, spreading, shiny growth 
developed. 
Litmus milk. Ropiness was produced in litmus milk, but the extent 
and time required varied widely. Some cultures produced ropiness in 
much less than one day; others required several days, and there were 
various rates in between these extremes. As the ropiness increased, a 
clear, slimy layer of material often formed on the top of the milk. A pel-
licle developed on the milk; with cultures producing ropiness rapidly, the 
pellicle followed the development of ropiness, while with cultures pro-
ducing ropiness slowly the pellicle preceded the development of ropiness. 
After some days the milk became distinctly alkaline. There was no coagu-
lation or evident proteolysis. With certain cultures there was a slight re-
duction of the litmus at the bottom of the tube after an extended period. 
Cultures some days old commonly had a very characteristic odor which 
at first more nearly resembled fishiness but later suggested decomposed 
urine. 
BIOCHEMICAL FEATURES 
(Cultures grown at 21° C.) 
Indol. Not produced. 
Nitrates. Not reduced. 
Hydrogen sulphide. Not produced. 
Methyl red reaction. Negative. 
Voges Proskauer reaction. Negative. 
Action on carbohydrates, etc. Generally neither acid nor gas was 
formed in bouillon containing glycerol, arabinose, dextrose, levulose, 
galactose, maltose, lactose, sucrose, mannitol, salicin, raffinose, or inulin. 
A few of the cultures occasionally produced acid from glycerol, arabinose, 
levulose, galactose, maltose, lactose, and mannitol, but were not consist-
ent in this respect; all of the culture producing acid from carbohydrates, 
etc., later reversed the reaction. 
Hydrolysis of fat. Fat was hydrolyzed. 
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GROWTH CONDITIONS 
Oxygen relationship. Aerobic. 
Temperature relationship. Growth occurred at 10° C. and 20° C., 
while at 37° C. and 40° C. some cultures grew and others did not. 
CULTURES LIKE A. VISCOSUS EXCEPT FOR THE FAILURE TO PRODUCE ROPINESS 
The cultures of lipolytic organisms isolated from milk, cream, etc., 
included 25, which except for the lack of ropiness, produced the same 
general change in litmus milk as A. viscosus. An alkaline reaction 
developed slowly in milk, and commonly an inconspicuous pellicle formed. 
The morphology, staining reactions, and biochemical characters were the 
same as with A. viscosus and, except for the failure to produce ropiness in 
milk, bouillons, etc., the cultural characters were also the same. These 
cultures were regarded as non-ropy strains of A. viscosus. Five of the cul-
tures which did not produce ropiness in milk when first isolated began to 
form ropiness after they had been through a number of transfers in milk. 
In this connection it is significant that considerable variation existed in 
the degree of ropiness produced in milk by the typical cultures of A. vis-
cosus, and also in the time required to produce ropiness. 
SPECIAL CHARACTERS OF THE NON-ROPY CULTURES 
Action on carbohydrates, etc. The action of the non-ropy cultures on 
the various carbohydrates, etc., was similar to that of the typical A. vis-
cosus cultures. In medium A of Ayres, Rupp, and Johnson (2) two of the 
25 cultures produced an acid reaction, while in medium C, 12 cultures 
produced an acid reaction. 
Hydrolysis of fat. All 25 of the cultures hydrolyzed fat when tested 
by the method employed with the typical A. viscosus cultures, and all of 
them completely hydrolyzed the fat beneath the growth. Fourteen of the 
cultures produced hydrolysis for a considerable distance beyond the edge 
of the colony, while 11 hydrolyzed only beneath the colony. 
Hydrolysis of simple tri-glycerides. The cultures had the same gen-
eral action on the simple tri-glycerides as the typical A. viscosus cultures. 
Action in cream. Each of the nine cultures inoculated into sterile 
cream produced rancidity after incubating 7 days at 21 ° C. 
Action in butter. Three of the cultures were examined for their ac-
tion on butter, using the procedure employed with the typical A. viscosus 
cultures. One of the cultures produced a definite rancidity, while the 
other two had no effect on the butter. 
Production of acetylmethylcarbinol plus diacetyl. The four cultures 
studied failed to produce acetylmethylcarbinol plus diacetyl when tested 
by the method used with the typical A. viscosus cultures. 
INTERPRETATION OF THE NON-ROPY CULTURES 
The cultures which are like A. viscosus, except for the failure to pro-
duce ropiness, are considered to be non-ropy strains of A. viscosus, and the 
designation Alcaligenes viscosus var. dissimilis is suggested for them. 
Both ropy and non-ropy strains are found with various bacterial species 
involved in the production of ropiness in milk, for example, Streptococcus 
lactis, Streptococcus citrovorus, species of the Escherichia-Aerobacter 
group, and Lactobacillus bulgaricus, so that the situation noted with 
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A. viscosus is in agreement with that existing with various species of 
bacteria. 
SUMMARY 
The results reported indicate that organisms which are like A. vis-
cosus, except for the failure to produce ropiness in milk and other liquid 
media, are commonly encountered among the organisms isolated from 
dairy products. The designation Alcaligenes viscosus var. dissimilis is sug-
gested for them. Some of the cultures which produced no ropiness in milk 
when first isolated began to form ropiness after they had been through a 
number of transfers in milk. The typical A. viscosus cultures that were 
studied varied widely in the extent of the ropiness developed in milk and 
in the time required to produce ropiness. 
A description of A. viscosus is presented. One of the little known 
characters of this organism is its ability to hydrolyze fat. 
LITERATURE CITED 
1. ADAMETZ, L. 
1889. Ueber einen Erreger der schleimigen Milch (Bacillus lactis viscosus). 
Milch-Zeitung. 18: 941-943. 
2. AYRES, s. H., P. RUPP AND w. T. JOHNSON 
1919. A study of the alkali-forming bacteria found in milk. U. S. Dept. of 
Agr. Bul. 782. 
3. COLLINS, M. A., AND B. w. HAMMER 
1934. Types of lipolysis brought about by bacteria, as shown by Nile-blue 
sulphate. J our. Bact. 27: 487-496. 
4. HAMMER, B. w., AND M. A. COLLINS 
1934. The numbers of lipolytic bacteria iu various dairy products, as deter-
mined with Nile-blue sulfate. Iowa Agr. Exp. Sta. Res. Bul. 169. 

EFFECT OF TREATMENT OF OATS ON THE DEVELOPMENT OF 
SACCHAROGENIC AND DEXTRINOGENIC AMYLASES DURING 
GERMINATION 
NELLIE M. NAYLOR AND VERA L. DAWSON 
From the Department of Chemistry, Iowa State College 
Accepted for publication December 13, 1935 
Studies on the preparation and properties of purified enzyme from 
germinated wheat (7), rye (17), and corn ( 4) have been made. It has 
seemed difficult to study the enzymes of germinated oats, because the 
varieties of oats which could be obtained were susceptible to mold growth 
during germination. Since an appreciable amount of dextrinogenic enzyme 
accompanies mold growth, it is evident that enzyme determinations made 
on such grain are in error. 
There are many methods for the treatment of oats which are intended 
to kill larvae and insects with which the grain may become infested dur-
ing storage, to prevent mold growth and consequent heating of grain in 
bins, and to control smut and other seed diseases. It was considered ad-
visable to make a study of some of these chemicals used in the treatment 
of grains to determine whether any of them would prevent mold growth 
during germination of oats and, at the same time, would not inhibit the 
activtiy or development of enzyme. 
Grain treated with inorganic compounds, such as copper carbonate 
(15, 18), copper oxychloride (18), copper sulphate (27), calcium cyanide 
(19), or alcoholic mercuric chloride (3), could not be used for enzyme 
studies because copper and mercury salts are known to have an inhibitive 
effect upon amylase activity (10, 13, 16, 26). For the same reason, it was 
impossible to use metallic salts of organic compounds such as mercurated 
tricresols (14), mercurated furfural (28), and many similar compounds 
which are effective germicides for treatment of grains. 
The use of gaseous insecticides was considered a possible method for 
sterilizing the grain against mold, because the gas could attack the mold 
spores and then be allowed to evaporate before the grain was germinated. 
In this way, the insecticide would probably have a minimum effect upon 
the activity and development of enzyme. Back (1, 2), reports the use of 
carbon disulfide, ethylene dichloride-carbon tetrachloride mixtures, and 
ethylene oxide-carbon dioxide mixtures as successful in control of insects 
in farm elevators. Duval (8), and Cotton and Roark (6) agree on the 
efficiency of ethylene oxide as a fumigant and recommend a method of 
treatment of grain with an ethylene oxide-solid carbon dioxide mixture. 
In the experiments described in this paper, a study was made of the de-
velopment of dextrinogenic and saccharogenic enzyme in oats which have 
been treated with carbon disulfide, with ethylene dichloride, with a mix-
ture of carbon tetrachloride and ethylene dichloride, and with an ethylene 
oxide-solid carbon dioxide mixture. 
An attempt was made to use for treatment of small amounts of grain, 
a method corresponding to that described by Back (1, 2) , Duval (8), and 
Cotton and Roark (6) for fumigation of grain in bins. The required 
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268 NELLIE M. NAYLOR AND VERA L. DAWSON 
amount of carbon disulfide or of ethylene dichloride was measured into a 
test tube which was then dropped into a large flask of grain. The flask 
was closed and the contents shaken at intervals to insure contact of the 
grain with the gaseous insecticide. Using carbon disulfide, 0.2568 g. or 
0.20 cc. of it was used on 1000 g. of grain in a four-liter flask and allowed 
to stand four days. Using ethylene dichloride, which was about one-fifth 
as toxic as carbon disulfide, 1.02 cc. of the substance was used in the four-
liter flask of grain. 
Another sample of the grain was treated with a mixture of three 
parts (by volume) of ethylene dichloride and one part of carbon tetra-
chloride with 1000 g. of oats. The carbon tetrachloride reduces inflamma-
bility and increases the volatility. A control sample of oats was treated 
with carbon tetrachloride alone. 
Th~ treatment recommended by Duval (8) was accomplished by 
preparing a mixture of 0.094 g. or 0.10 cc. of ethylene oxide with solid 
carbon dioxide and dropping this into a four-liter flask with 1000 g. of oats. 
The oats remained in contact with this mixture for four days. 
Germination of these samples of grain showed that carbon disulfide 
and ethylene dichloride control mold growth effectively and permit sat-
isfactory germination of the grain. Carbon tetrachloride does not control 
mold growth. The grain treated with ethylene oxide germinated without 
mold growth, but germination was very slow. 
After treatment, the grain was placed on moist blotters and germ-
inated at 20° C. in a germinator with temperature and humidity control. 
The grain was washed, dried, and ground to a fine flour. A water extract 
was made and tested for dextrinogenic and saccharogenic activity by 
standard methods for enzyme determinations (7, 23, 24, 29.) The saccharo-
genic activity (tables 1 and 3) is measured by determination of the mg. 
of maltose formed in half-hour digestion of starch dispersion at 40° C. per 
mg. of total solid from the enzyme extract. A measured volume of the 
diluted extract is used in the digestion mixtures, while another measured 
portion of the extract is evaporated to constant weight in determination 
of the weight of total solid in 5 cc. of extract. In tables 2 and 4, the re-
sults are reported as dextrinogenic activity, which is the number of mg. 
of enzyme (total solid from enzyme extract) required, in one-half hour 
digestion at 40° C., to change 5 cc. of one per cent starch dispersion to 
products giving no blue color with iodine. 
From the results indicated in table 1, it is evident that the saccharo-
genic enzyme of dormant grain is influenced very little by the treatments 
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used. The saccharogenic activity is slightly higher for the germinated 
grain treated with carbon disulfide and with carbon tetrachloride; and 
compared with these, the enzyme activity is lower for those grains treated 
with ethylene dichloride and with ethylene oxide-carbon dioxide. These 
latter treatments control mold growth effectively but inhibit somewhat 
the production of saccharogenic amylase during germination. 
The results of a study of the effect of these treatments upon the 
dextrinogenic enzyme of oats is given in table 2. The dextrinogenic en-
zyme of dormant oats is influenced very little by the treatments used. 
The dextrinogenic activity is higher for the germinated grains treated 
with ethylene dichloride and with carbon disulfide; and compared with 
these, the enzyme activity is lower for the grains treated with carbon 
tetrachloride, ethylene dichloride-carbon tetrachloride mixtures, and 
ethylene oxide-carbon dioxide mixture. 
These results indicate that the saccharogenic and dextrinogenic en-
zymes are not affected in exactly the same way by the chemical treat-
ments used. It is evident that fumigation of the grain with ethylene 
oxide-carbon dioxide mixture causes an apparent slowing up of the 
germination of the grain and a decrease in activity for both amylases. 
After treatment with carbon disulfide, the germinated grain contains both 
TABLE 3. Influence of treatment of oats on development of saccharogenic enzyme 
Treatment with Treatment with Treatment with 
Time of carbon disulfide ethylene dichloride ethylene oxide 
germina- Mg.Cu,O Saccharo- Mg.Cu,O Saccharo- Mg. Cu,O Saccharo-
ti on per 2 genie per 2 genie per 2 genie 
(days) cc. ext. power cc. ext. power cc. ext. power 
0 41 5.1 36.9 5.1 32.3 4.8 
1 58.8 7.0 51.6 5.3 52.5 6.3 
2 122.8 13.7 73.5 8.1 80.5 8.0 
3 204.4 17.3 199.6 19.7 98.6 6.0 
4 256.2 17.7 191.2 15.2 67.4 6.9 
5 288.0 19.1 176.3 16.8 216.6 15.4 
6 300.8 23.2 323.2 25.8 266.4 22.0 
7 421.2 23.9 415.0 20.5 309.2 17.3 
8 562.0 17.0 492.4 16.8 275.2 24.4 
9 466.8 13.5 454.2 15.4 520.6 16.3 
10 572.4 14.2 ........ ...... ........ . ..... 
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TABLE 4. Influence of treatment of oats on development of dextrinogenic enzyme 
Time of Treatment with Treatment with Treatment with 
germina- carbon disulfide ethylene dichloride ethylene oxide 
ti on Dextrinogenic Dextrinogen~c Dextrinogenic 
(days) power power power 
0 243 254 243 
1 706 925 118 
2 2460 2430 860 
3 3400 3,120 940 
4 4390 4260 1882 
5 6530 6070 ........ 
6 7600 7860 7140 
7 6950 6050 7150 
8 4930 4100 3800 
9 7270 8325 7540 
10 4030 
enzymes with comparatively high activity. It is regrettably impossible to 
classify the action of the chemicals as stimulations or inhibitions because 
the mold growths, which develop on untreated grain germinated at 20° C. 
for four days, interfere with the determination of normal amylase activity. 
The course of development of saccharogenic and dextrinogenic amy-
lase of oats during germination was tested to determine the number of 
days required for optimum activity of the enzyme to develop. It was of 
interest to make a comparison of these tests upon oats treated with carbon 
disulfide which gave an extract of highest enzyme activity, and with ethy-
lene oxide-carbon dioxide which gave an extract of least enzyme ac-
tivity. Enzyme tests were made also upon grain treated with ethylene 
dichloride which showed a low activity for saccharogenic and a compara-
tively high activity for dextrinogenic enzyme. The results of testing the 
saccharogenic and dextrinogenic activity of grains treated by these meth-
ods and germinated for periods varying from one day to ten days are 
given in tables 3 and 4. 
The oats treated with carbon disulfide show the most rapid formation 
of saccqarogenic enzyme; the enzyme develops more slowly in grain 
treated with ethylene dichloride, and still more slowly in grains treated 
with ethylene oxide. It may be noted that, measuring the activity of 
enzyme by mg. of cuprous oxide per 2 cc. of extract, there is a gradual 
increase but no maximum. However, when enzyme activity is measured 
in terms of saccharogenic power, there is a maximum activity and then a 
drop. This apparent decrease in activity is due partly to an increase in 
solid matter dissolved or suspended in the extract. The maximum activity 
of the enzyme varies with the treatment of the grain; it is reached in the 
carbon disulfide and ethylene dichloride treated grains in five to seven days 
of germination, and is not reached until the seventh and eighth days of 
germination of the ethylene oxide treated grain. There is, therefore, either 
an apparent slowing up of enzyme production in the ethylene oxide 
treated oats, or a depressing influence of ethylene oxide upon enzyme 
activity throughout germination. 
Table 4 shows that dextrinogenic enzyme is formed rapidly in oats 
treated with carbon disulfide and ethylene dichloride, while with oats 
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treated with ethylene oxide, the development of enzyme is greatly re-
tarded until the fourth day of germination when a rapid increase in activ-
ity occurs. However, in all three of these seed treatments, the maximum 
of dextrinogenic activity occurs at six to seven days of germination. 
Summarizing the results of these experiments, it may be stated that 
the maximum activities of saccharogenic and dextrinogenic enzymes are 
developed in five to seven days of germination when the oats are treated 
with carbon disulfide or ethylene dichloride, and somewhat later in the 
ethylene oxide treated oats. It should be noted that Ohlsson and Edfeldt 
(20) report that the dextrinogenic enzyme does not appear until the ninth 
day of germination. They made no mention of the necessity of treatment 
of oats to prevent mold growth during germination. It is evident that the 
samples of oats here used showed satisfactory development of dextrino-
genic amylase within five days of germination under the conditions of 
these experiments. 
The preceding experiments were preliminary to the process of ob-
taining a purified enzyme preparation from germinated oats. The ex-
periments showed that the highest enzyme actvity was obtained with oats 
treated with carbon disulfide. For these experiments, then, two enzyme 
extracts were prepared, one from treated grain germinated for three days, 
and one from treated grain germinated for eight days. There was con-
siderable difference in the enzyme activity of these extracts, as is shown 
in tables 3 and 4, and it would be of interest to determine whether a more 
active precipitate could be obtained from the eight-day germinated than 
from the three-day germinated grain. The method of fractional precipi-
tation with alcohol was applied to the enzyme extracts, in order to bring 
about directly, a concentration of the enzyme into a precipitate. After 
adding alcohol to the extracts to make them 50 per cent by volume of 
alcohol, the precipitate was centrifuged off. The centrifugate from the 50 
per cent alcohol precipitate was made up to 65 per cent alcohol and fur-
ther precipitation occurred. The clear solution from the 65 per cent pre-
cipitate was made up to 85 per cent alcohol and a very small amount of 
precipitate was obtained. 
These precipitates were not dried before making tests for enzyme 
activity as had been done in previous work (7, 17). A dispersion was 
prepared by suspending a small amount of the wet precipitate in 100 cc. 
of water, ·and portions of this solution were used in digestion mixtures. 
In order to determine the concentration of enzyme in the suspensions, 
5 cc. portions were evaporated to dryness and the residues weighed. The 
determinations for dextrinogenic and saccharogenic power were made on 
these precipitates, by the methods previously outlined. 
The 50 per cent alcohol precipitates had about the same activity from 
three-day as from eight-day germinated grain. The product from the 65 
per cent alcohol precipitation of the extracts showed a higher activity in 
both cases than from the 50 per cent precipitate, indicating a greater con-
centration of enzyme in the 65 per cent precipitates. This is in accord 
with earlier work, and with results obtained in purification of malt 
amylase by Sherman, Caldwell, and Doebbeling (22). The 85 per cent 
precipitate showed little enzyme activity. 
The 65 per cent precipitate from eight-day germinated grain had a 
dextrinogenic power of 83,300 and a saccharogenic power of 695. Com-
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pared with three-day germinated grain, of which the 65 per cent precipi-
tate showed a saccharogenic power of 77, the precipitate from eight-day 
germinated grain was nine times more active. The original extract of 
eight-day germinated grain was considerably more active per milligram 
of total solid than the extract of three-day germinated grain. Thus, it is 
evident that the greatest concentraion of enzyme in the alcohol precipitate 
is possible from the original extract which has the highest activity per 
milligram of solid. Further studies on amylase of oats are in progress. 
SUMMARY 
1. A study of the amylases of oats has necessarily included a study 
of the effect of different seed treatments on the development of the en-
zymes during germination. 
2. Fumigation of grain with the heaver-than-air vapors of carbon 
disulfide, ethylene dichloride, and ethylene oxide-carbon dioxide were 
found to be effective means of controlling fungus growths. 
3. The carbon disulfide treated grain germinated well and showed 
rapid development of saccharogenic and dextrinogenic enzymes of high 
activity. The grain that was treated with ethylene oxide-carbon dioxide 
mixture was slow to germinate and there was no appreciable increase in 
amylase activity until the fifth day of germination. This treatment affects 
the saccharogenic and dextrinogenic enzymes alike, and apparently re-
sults in a slowing up of enzyme production or permanent injury to the 
enzyme. Results indicate that the ethylene dichloride treatment had a 
greater depressing influence upon the saccharogenic enzyme than upon 
the dextrinogenic enzyme. 
4. Enzyme precipitates were made from extracts of carbon disulfide 
treated oats germinated for three days and for eight days. Fractional pre-
cipitation with alcohol produced an enzyme preparation of high activity 
from the extract of the oats germinated eight days. From this extract, 
the 65 per cent alcohol precipitate (tested with a dispersion of the undried 
precipitate in water) showed a saccharogenic power of 695, and a dex-
trinogenic power of 83,300. 
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Blowflies of the genus Lucilia are commonly known as green-bottle 
flies. They are scavengers, but are also frequently found infesting living 
animals. Lucilia sericata and L. cuprina have been reported as associated 
with myiasis in livestock in widely scattered regions of the world, but it 
is probable that other species may be concerned to a greater extent than 
is usually thought. Their importance as livestock pests appears to vary 
considerably in different regions, indicating differences in habit. L. seri-
cata, on the other hand, has been found to be of much benefit in surgery 
in hastening the healing of infected wounds of humans. These two species 
and others may therefore be considered as of distinct importance. 
Considerable confusion exists as to the species involved in causing 
myiasis of different types; and studies, such as the present one, of the 
immature stages, may tend to clarify the situation. Adequate descriptions 
of Lucilia larvae for use in specific determinations are not available. This 
is especially true for the first and second instars. The third-instar larva 
of L. sericata has been described by Sinton (6), Banks (2), Patton and 
Evans (5), and Fuller (3); L. cuprina by Patton (5) and Fuller (3); and 
L. silvarum by Banks (2). The first and second instars of L. sericata have 
been described by Tao (7). 
The purpose of this paper is to describe certain taxonomic characters 
of six species of Lucilia commonly found in the United States. In each 
species the three larval instars are described. The species treated are 
L. illustris, L. sericata, L. cuprina, L. mexicana, L. silvarum, and L. 
caeruleiviridis. Others are recorded from the United States by Aubertin 
(1) , but are by far less common. · 
TECHNIQUE 
Gravid flies were captured in flytraps or on decomposing rabbits or 
birds. The species of Lucilia are among the first flies attracted to such 
carcasses. Most of the flies attracted are gravid females ready to oviposit. 
However, it is expedient to catch only those actually ovipositing, to be 
certain that they are gravid. These flies were then allowed to oviposit on 
1 The writer wishes to acknowledge the aid of several members of the Bureau of 
Entomology and Plant Quarantine, United States Department of Agriculture, during 
the course of these studies. Thanks are due especially to S. W. Simmons for supplying 
larvae of L. sericata reared under different environmental conditions; to E. W. Laake 
and Roy Melvin, for specimens of larvae from their locality; and to E. C. Cushing, 
for determining and verifying determinations of adult Lucilia. 
Bureau of Entomology and Plant Quarantine MS. No. 2970 and Bishopp Document 
No. 4208. 
'For synonymy of the various species see Aubertin (1). 
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liver or lean beef, and the larvae hatching from the eggs were allowed to 
develop there. Specimens were taken in each stage, killed by dipping in 
boiling water, and preserved in 75 to 80 per cent alcohol. Some larvae 
were allowed to develop and the flies retained to check the specific de-
termination. 
The clearing and mounting process in the first and second instars con-
sisted in removing the specimens, previously perforated with a fine 
needle, from the preservative to water for approximately 10 minutes, 
then boiling them in 5 per cent potassium hydroxide solution for from 
5 to 10 minutes. This usually removes or softens the inner portions so 
that, after the larvae have been placed in water for 15 to 30 minutes, they 
may readily be squeezed out. The inner tissues may be removed by the 
boiling solution, but prolonged action of the alkali will often soften or 
bleach the cephalopharyngeal skeleton, spines, and posterior spiracles to 
the extent that the form and appearance are changed; therefore, the mini-
mum time in the solution gives the best results. After the inner tissue 
had been removed the larvae were placed successively in 70, 80, and 95 
per cent and absolute alcohol, cleared in xylol, and mounted in balsam on 
a glass slide. In treating the last-instar larvae the first four or five seg-
ments, together with the cephalopharyngeal sclerites, were severed and 
treated in essentially the same way as described for the first two stages. 
For a study of the stigma! plates the last segment was severed before 
clearing and mounting. 
CHARACTERS 
Constant characters for distinguishing closely related species of 
blowfly larvae are difficult to establish; for as the larvae grows there are 
gradual changes in structures within the same stage. This difficulty of 
distinguishing the larvae is especially true of the species of Lucilia, since 
they comprise a homogeneous group, and most of the structures show 
enough variation among individual larvae of the same age and species 
to result in the overlapping of characteristics. Therefore a combination of 
several characters is usually necessary for correct identification and often 
it is almost necessary to compare a series of specimens of all ages. 
One of the principal characters used by investigators is the structure 
of the posterior spiracles or stigmal plates. This character is of great 
value, but it can not be relied upon entirely, since the form of the spiracles 
may vary, or the peritreme, especially in the region of the button, may 
be poorly defined in the early period of the last instar, due to lack of pig-
mentation. The distance between the spiracular plates has frequently 
been used as a diagnostic character. This is unreliable in all of the species 
of Lucilia, since in these the difference is not marked, for in the early 
third-instar larvae the plates are always closer together than when the 
larvae are fully grown. This is true also in Calliphora coloradensis, where 
the measurements of the distance between plates on young third-instar 
larvae are compared with those between plates on matured larvae from 
eggs of the same fly, and the distance between plates averages more than 
twice as much in fully grown larvae as in those that have recently molted. 
The increase is due to the fact that the distance between the plates in-
creases with the growth of the cuticula while the plates themselves remain 
of practically the same size. Thus in young third-instar larvae the dis-
tance may be less than one-half the width of one plate while in those fully 
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grown this distance may be equal to or slightly greater than the width of 
one plate. 
The conditions under which larvae are reared may affect the general 
appearance of the posterior spiracles. At the request of the writer, Mr. 
S. W. Simmons, of the Bureau of Entomology and Plant Quarantine, 
kindly consented to rear larvae of Lucilia sericata from the same batch 
of eggs under two different conditions. Some of the hatching larvae were 
placed on ordinary decaying meat until mature, while the remainder were 
placed on retarding media for 8 days (approximately 70 per cent of the 
larvae were in the second instar) and then reared to maturity on ordinary 
decaying meats. This retarding media was that used in shipping blowfly 
larvae for wound treatment. The posterior spiracles of the third-instar 
larvae reared on meat from the time they hatched were similar in form to 
those of four other series of larvae of this species collected and reared 
under natural conditions and in different localities. On the other hand, 
the spiracles of the larvae first fed on retarding media and later on decom-
posing meat were entirely different and showed very little resemblance to 
those of the first group. In general the plates were deformed; the slits 
were short and poorly developed and in practically all of the 110 speci-
mens examined one or more of the slits were almost entirely undeveloped. 
The peritreme was very irregular and in the region of the button was 
knob-like in appearance. Such a degree of variation may rarely be found 
in nature. However, it shows that great variations may exist which should 
be brought to the attention of those determining closely related species of 
larvae. 
The appearance of one posterior spiracular plate of the last-instar 
larva as shown in the figures (plates I and II) is representative of the 
species and is based on examinations of mature larvae from two or more 
series. Although there are some variations among individual larvae 
reared under identical conditions, one familiar with the variations by 
examining large numbers of larvae of different ages can usually recog-
nize certain characteristics typical of the species. 
In the first and second instars the posterior spiracles are similar in 
all of the species and are of no great value as distinguishing character-
istics. 
The size of the cephalopharyngeal sclerites has only a limited value 
as a specific character. In order to determine the possible variation in 
the size of this structure, larvae from the eggs of one gravid female of 
Lucilia sericata were taken; one-half were placed on an abundant supply 
of moist meat in an open container, and the other half placed, under less 
favorable conditions, on a small quantity of almost dry meat in a container 
with a limited amount of air. Those in the first lot developed into large 
larvae, while those of the second made little progress and only a small 
percentage pupated and produced flies. The length of 25 cephalopharyn-
geal sclerites from the first group ranged from 1.246 mm. to 1.432 mm. 
with an average length of 1.306 mm., whereas a like number from the 
second ranged from 1.060 to 1.173 mm. with an average of 1.110 mm. 
The cephalopharyngeal mechanism in all of the species and in each 
instar is very similar, and, as with the posterior spiracles of the third-
instar larvae, some variations in structure are noted. However, specific 
differences are apparent in most of the species. No attempt has been 
made to give detailed descriptions of the sclerites of the cephalopharyngeal 
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mechanism. Differences between species are more readily noted by com-
paring the figures. The cephalopharyngeal mechanism in the first instar 
is not figured in three species, but in the descriptions differences are 
pointed out between the structures of those figured and those not figured. 
All of the larvae of Lucilia are provided with a large number of small, 
brownish, recurved spines. These spines occur in irregular, closely ap-
proximated rows to form bands of spines on the anterior and posterior 
borders of the segments. The number of segments having a complete band 
of spines encircling the body on either or both the anterior and posterior 
borders is a good supporting character although rather variable. The dis-
tribution of spines may be different in the three stages of the same species. 
On the posterior border of the twelfth or last apparent segment are a 
number of rather prominent fleshy processes or tubercles (plate II, fig. 
13) . There are generally six on each of the upper and lower borders in 
the second and third instar larvae, but in the first instar all of the tubercles 
are seldom apparent. In the third-instar larvae the relative size and posi-
tion of the tubercles outlining the stigmal field furnish one of the most 
useful characters in separating the species. The tubercles are of less diag-
nostic value in the first and second instar larvae than in the third but are 
of considerable value, especially in the second. A prominent tubercle is 
situated on either side and near the end of the anal protuberance (AT, 
fig. 13, plate II). The size of these tubercles as compared to those border-
ing the stigma! field is of occasional value. 
On each side and near the base of the second apparent segment are 
located the small branched anterior spiracles. The number of branches 
in the anterior spiracles frequently has been used as a diagnostic char-
acter. A study of a large number of specimens of several species shows 
that the variation in number of branches is so great that this character 
should not be considered as a reliable one, and can only be considered a 
supporting character for some of the species. The number of branches 
of the anterior spiracles seems to vary in Lucilia larvae found in dif-
ferent geographical regions. Patton (4) reports 6 to 8 branches (gen-
erally 8) in third-instar larvae of Lucilia cuprina ( argyricephala) from 
India. Fuller (3) reports 7 to 8 branches in the same species from Aus-
tralia. The writer examined two series of larvae of this species, one from 
Dallas, Texas, and the other from Port Lavaca, Texas, and in each series 
the number of branches ranged from 5 to 6. In the third-instar larvae of 
Lucilia sericata, Patton and Evans (5) report 10 to 11 branches and Fuller 
(3) 10 branches. The variation in the number of branches of the an-
terior spiracle of this species in four series of larvae, one of which was ob-
tained from Dallas, Texas, two from Ames, Iowa, and one from Washing-
ton, D. C. (surgical maggot culture), was 7 to 10, 7 to 9, and 6 to 9, and 5 
to 9 branches, respectively. The corresponding average number of 
branches for each of the above series was 8.6, 7.9 and 7.5, and 6.7. 
The data above show that the number of spiracular branches in dif-
ferent series of this species may vary to such an extent that this character 
is of little specific value. 
A general description of the larvae in each instar is given and fol-
lowed by specific descriptions for each species and stage. The third instar 
is first described, followed by descriptions of the second and first, re-
spectively. 
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GENERIC DESCRIPTION 
Third instar.-Full-grown maggots 12-15 mm. in length and creamy 
white to light yellowish in color. Posterior half cylindrical, anterior half 
tapering anteriorly to the cephalic segment, terminating in two prominent, 
fleshy anterior maxillary lobes each bearing a pair of sensory papillae 
(photo-receptive organs). The mouth is situated below on the cephalic 
or first apparent segment, which bears on each side a semi-circular 
striated area, the stomal disc, with striations converging more or less to 
the oral groove. At the posterior border of the cephalic segment is a broad 
band of small, brownish, recurved spines. The band is widest on the 
ventral side. At the anterior border of the second apparent segment a 
narrow band of spines is present ventrally and laterally, but absent dor-
sally. Near the base and on each side of segment 2, is situated a fan-
shaped structure, the anterior spiracle; each of these spiracles bears a 
number of lobes or branches, the number ranging from 5 to 10 or more. 
At the anterior border of segments 3-5 the bands of spines are approxi-
mately the same width throughout, while on segments 6-12 the ventral 
spinose area is broader and divided transversely by a narrow spineless 
area. The anterior border of segments 2-7 is always completely encircled 
with a band of posteriorly-directed spines; the band may or may not be 
complete on segments 8 and 9, depending on the species; the band is ab-
sent dorsally at the anterior border of segments 11 and 12. One or more of 
the last segments is usually provided with anteriorly directed spines at 
the posterior margin of the segments. On the lateral side of segments 
5-12 is located a small swollen fusiform area bearing a number of small 
spines. The last apparent segment is shorter than the others, obliquely 
truncate, and slightly depressed behind (fig. 13, plate II). This segment 
bears the two posterior spiracular plates, situated in the depressed area 
or stigmal field. Each of the borders, upper and lower, of the stigmal , 
field has three pairs of conical fleshy processes or tubercles; the median 
pair on the lower border is more remote from the margin and smaller than 
the others. A small, inconspicuous pair of tubercles is situated in the 
lower portion of the stigmal field above the lower border. A conspicuous 
tubercle is situated at the end on each side of the anal protuberance 
(AP, fig. 13, plate II). 
The posterior spiracles are rounded to pear-shaped plates; three long 
straight to slightly bent slits are in each plate, directed downward and 
inward. Surrounding the slits is a pigmented ring or peritreme. A small 
oval to circular clear space is located along the side of each slit, from 
which protrudes a number of clear ray-like structures; a similar structure 
is located between and near the upper end of the inner and middle slits 
(R, fig. 2, plate I). 
The cephalopharyngeal mechanism is located in the first four or -Ave 
segments and is made up of a number of loosely connected sclerites. The 
pair of oral hooks (DH, fig. 1, plate I) is situated at the anterior end and 
consists of two slightly curved and tapering hooks, each joined to a heavy , 
broad basal portion; below the basal portion on each side is a small dental 
sclerite (D). The hypostomal sclerite (H), an H-shaped structure when 
viewed from below or above, is located between the oral hooks and the 
large paired pharyngeal sclerites (PHS). The pharyngeal sclerites are 
joined dorso-anteriorly by a dorsal arch (DA). The dorso-posterior and 
280 EDWARD F. KNIPLING 
ventro-posterior portions of the pharyngeal sclerites form the dorsal (DC) 
and ventral cornuae (VC), respectively. On each side near the base of the 
anterior portion of the pharyngeal sclerite is a small rod-shaped structure, 
the parastomal sclerite (PS), extending anteriorly above the hypostomal 
sclerite. 
Species of Lucilia in the third instar may be readily distinguished 
from those of Calliphora and Cynomyia by the absence of a small rod-like 
structure below and between the tips of the oral hooks, and from Phormia, 
Cochliomyia, Chrysomyia, and Sarcophaga by the presence of a complete 
peritreme around each posterior spiracle. 
Second Instar.-General features similar to those of the third instar 
but smaller. Second-instar larvae may be distinguished from the third, 
externally, by the posterior spiracles; there are, as with other blowflies, 
only two slits to the spiracles, and these are surrounded by an incomplete 
ring or peritreme. The anterior spiracles are similar to those of the third-
instar larvae but smaller and usually with a longer and more slender 
stigmatic chamber. The relative position and size of the tubercles on the 
last segment are in general similar to those of the third instar. 
The cephalopharyngeal mechanism is shown in figures 14-19. The 
bases of the oral hooks are longer in proportion to the width than they 
are in the third instar and not so strongly developed; the hooks proper are 
produced upward and curve sharply downward near the enlarged tip. 
The oral hooks of the second instar of Calliphora and Cynoymia are 
much broader in proportion to the length, and in Phormia, Cochliomyia, 
and Sarcophaga the hooks gradually taper from the basal portion to the 
tip. Although there are other differences these will readily distinguish 
the larvae of Lucilia from those of the genera mentioned. 
First instar.-Newly hatched larvae are from 2.0 to 2.5 mm. in length. 
The general form is the same as in the third and second instars. The 
spines are small and almost colorless to dark brown in color; the distri-
bution of the spines in general is similar to that of the third and second 
instar. The posterior end has three pairs of very small tubercles on the 
upper and three pairs on the lower border of the stigma! field; the median 
pair on the upper border and the inner pair on the lower border are 
usually poorly defined. 
The two posterior spiracles are small heart-shaped structures, each 
one having two apertures and not surrounded by a peritreme. The anterior 
spiracles are not apparent (metapneustic). 
The cephalopharyngeal sclerites are weakly developed and the degree 
of pigmentation varies considerably with the age of the larvae; in newly 
hatched larvae the sclerites are yellowish in color and shortly before 
the larvae molt to the second instar they are almost black. Oral hooks, 
composed of a pair of rod-like structures, have a number of small denticles 
at the anterior end which are loosely joined to form the hooks; these 
denticles are directed downward. A small, usually bluntly pointed hatch-
ing spine (HS, fig. 20, plate II) is located above and posterior to the oral 
hooks and above the hypostomal sclerites. A pair of long, slender, rod-
like structures, the parastomal sclerites (PS, fig. 20, plate II) are at-
tached to the pharyngeal sclerites, extend anteriorly above the hypo-
stomal sclerites, and join with the posterior basal portion of the hatching 
spine. The pharyngeal sclerites are rather short and broad; the ·dorsal 
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and ventral cornua are very nearly equal in length and widely separated 
(figs. 20-22, plate II). 
DESCRIPTION OF SPECIES 
Lucilia illustris (Meigen) 8 
Third instar.-General features as described in generic description. 
Belts of spines encircle the body at the anterior margins of segments 2-9; 
on segment 10 the band of spines is generally incomplete dorsally for a 
short space, while on segment 11 spines above the venter are restricted to 
one or two irregular lateral rows. Posterior border of segment 11 with 5-6 
irregular dorsal rows of spines; segment 10 usually with 1-2 irregular 
dorsal rows, but these may be absent for a short space; dorsal spines gen-
erally absent on segment 9 and those anterior to it. 
Conical tubercules or fleshy protuberances outlining the stigmal field 
rather large and prominent; the inner and outer pairs on upper border 
very nearly equal and about twice as large as the median, the two inner 
tubercles separated by a distance greater than the distance between the 
inner and median on each side; approximately equal to the distance be-
tween inner and outer on each side (similar to L. mexicana, fig. 13, plate 
II). Outer and median pairs on lower border large, approximately equal 
in size, and much larger than the inner pair. The inner pair on lower lip 
smaller than the outer pair on upper border. Tubercles on anal protuber-
ance slightly shorter and less pointed than the two outer pairs on lower 
border of stigma! field. Segment 12 generally smooth to finely scabrous 
on dorsal surface. 
Posterior spiracles comparatively large, heavily pigmented, and with 
usual form as shown in figure 2, plate I. The peritreme (P) is prominent, 
with a very well developed inward projection between the outer and 
middle slits. 
Cephalopharyngeal apparatus large and heavily pigmented. The 
dorsal cornu broad and widely separated from the ventral cornu. At the 
posterior end and below the ventral cornu is a pigmented porous area 
(PO, fig. 1, platE! I), possibly a more heavily pigmented portion of the 
pharynx, which is not prominent in other species of Lucilia described 
here. The oral hooks pointed slightly upward and curved downward. 
The anterior spiracles with comparatively large prominent branches. 
The external portion equal to or only slightly longer than stigmatic cham-
ber (pigmented portion of the trunk). Anterior spiracles generally with 
6-8 branches. The number in 80 spiracles ranged from 5-9 in ratio 
5-23-20-22-2, respectively; number of branches rather uniform in three 
series. 
Three series of larvae examined; one from Galesburg, Ill., and two 
from Ames, Iowa. 
Second instar.-The anterior border of segments 2-9 with a complete 
band of spines. Dorsal spines absent on segment 10, but 1 or 2 rows may 
extend well up to the dorso-lateral surface. Posterior border of seg-
ments 9-12 with a complete band of spines; on segment 9 they are reduced 
to one or two irregular rows and on segment 8 are restricted to the ventral 
and lateral surfaces. 
•Formerly incorrectly known as L. caesar, a species found in Europe, Morocco, 
China, and Japan. Aubertin (1). 
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Tubercles on upper border of last segment broadly rounded and in 
relative size similar to those of the third instar. The inner pair on lower 
border approximately one-third as large as the median and outer pair. 
The distance between the inner tubercles on upper border as great or 
greater than distance from inner to outer. 
Cephalopharyngeal mechanism with dorsal cornu of almost same 
width to the posterior end, where it sharply tapers to a point. The dorsal 
posterior projection of the basal portion of the oral hooks broad and 
bluntly rounded (fig. 14, plate II). 
Anterior spiracles wtih 6-8 branches. 
First instar.-Distribution of spines rather difficult to determine ow-
ing to lack of pigmentation on some of the segments. Anterior border of 
segments 2-9 with a complete band of spines. On segment 8 the spines 
are lighter in color on lateral and dorsal surfaces, on 9 they are even 
lighter in color, being almost colorless; number of rows of spines reduced 
to one or two on segment 9; on segment 10 several rows of light-colored 
spines are present laterally and may extend to the dorso-lateral surface 
but do not join to form a complete band. Porterior border of segment 11 
with two to three rows of rather dark spines dorsally, while on segment 
10 the spines are narrowed to one or two rows of lighter spines; the dorsal 
surface of segment 9 may or may not be provided with one to two irregu-
lar rows of almost colorless spines at the posterior border. Border of 
posterior cavity with small pigmented hair-like spines. 
Tubercles on segment 12 with the inner pair on upper border separ-
ated by a distance approximately equal to the distance from the inner to 
the outer on either side; the median pair on upper border and inner pair 
on lower border inconspicuous. 
Cephalopharyngeal mechanism as shown in figure 20, plate IL The 
pharyngeal sclerite is comparatively strong and heavily pigmented; dorsal 
and ventral cornu approximately equal in length and width; anterior pro-
jection of pharyngeal sclerite rather short and joined by a narrow dorsal 
arch. Hatching spine well developed. 
Lucilia sericata (Meigen) 
Third instar.-Distribution of spines rather variable; anterior mar-
gin of segments 2-8 provided with complete encircling band of spines; on 
segment 9 the spines may also be present on the dorsal surface to form a 
complete band, but more usually are absent for a short space; segment 10 
may or may not be provided with 1 to 2 irregular broken rows on the lat-
eral surface. The distribution of spines appears to be more uniform in the 
same series; in one series a large majority of the larvae had a complete 
band of spines on segment 9, while in another series very few of the 
larvae were provided with a complete band of spines on this segment. 
The posterior border of segment 11 has about four irregular rows of 
spines, while on segment 10 they are absent on the dorsum and usually 
restricted to the ventral and ventro-lateral surfaces. The twelfth seg-
ment is smooth on the dorsal surface. 
Tubercles outlining stigma! field and on anal protuberance large; 
those on the latter much larger than those on former. Comparative size 
of tubercles on border of stigma! field as in L. illustris. The distance be-
tween the inner tubercles on upper border approximately equal to the dis-
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tance between the inner and median, and never separated by a distance 
equal to that between the inner and outer on each side. 
Posterior spiracles with usual form as indicated in figure 4, plate I; 
peritreme narrow, yellowish, never black or dark-brown; inner projec-
tion of peritreme, if present, usually faint and poorly developed but often 
absent entirely. 
The cephalopharyngeal mechanism as shown in fig. 3, plate I. The 
dorsal cornu rather widely separated from the ventral. 
Anterior spiracles with a variable number of branches (see discus-
sion of anterior spiracles), more often with 7-8 branches. The branches 
are rather prominent and the portion external to the cuticle is approxi-
mately equal in length to the stigmatic chamber. 
Descriptions based on five series of larvae, one each from Dallas and 
Menard, Texas, and Washington, D. C. (surgical maggots), and two from 
Ames, Iowa. 
Second instar.-Anterior border of segments 2-7 provided with a 
complete band of spines; segment 8 usually with a narrow dorsal spineless 
area, but spines may also be present to form a complete band on this 
segment. On segment 9 the spines extend from the ventral to the dorso-
lateral surfaces but are absent on the dorsum; generally restricted to 
ventral surface on segment 10. Posterior border of segments 11 and 12 
provided with a complete band of spines, narrowed to 1 or 2 irregular 
rows or sometimes absent entirely on the dorsal surface of segment 10. 
The distance between the inner pair of tubercles on upper lip ap-
proximatly equal to the distance between inner and median pairs and 
never equal to the distance between inner and outer pairs. This is the 
most reliable character for distinguishing this species from the other 
species of Lucilia in this stage. 
Cephalopharyngeal apparatus very similar to that of L. illustris 
(fig. 15, plate II). 
Anterior spiracles more often with 7-9 branches. 
First instar.-Spines lightly pigmented. Segments 2-7 completely 
encircled with spines at the anterior border; on segment 8 they are absent 
on the dorsal surface but may extend well up. Posterior border of seg-
ments devoid of spines on the dorsal surface, except on segment 12, which 
is provided with long, almost colorless spines on the border of the posterior 
cavity. 
Size of tubercles on segment 12 similar to those of L. illustris, but the 
inner pair on the upper border separated by a distance much less than 
the distance from inner to outer. 
Cephalopharyngeal apparatus similar to that of L. illustris, except 
that the dorso-anterior projection of the pharyngeal sclerite is longer and 
the ventral cornu are usually longer than the dorsal. 
Lucilia cuprina (Wiedemann) 
Third instar.-Spines not prominent, lightly pigmented. Anterior 
border of segments 2-8 completely encircled with spines; segment 9 gen-
erally with one or two irregular broken dorsal rows, but these may be 
absent for a short space. Spines restricted to ventral and lateral surfaces 
on segment 10. Posterior border of segment 11 with three to four rows 
of dorsal spines; dorsal spines absent on segment 10. The distribution of 
spines as given is similar to that of L. sericata, but the spines are smaller 
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and lighter in color and seemingly less variable in distribution. Segment 
12 smooth on dorsal surface, except on posterior margin. 
The tubercles around the stigma! field are not nearly so prominent 
and much smaller than in the two preceding species. The outer pair on 
upper border distinctly larger than inner and more than twice as large as 
the median; the inner pair on lower border less than one-half as large as 
the other two pairs. Relative position of tubercles similar to that in L. 
illustris. Tubercles on anal protuberance about twice as large as the 
larger ones on the lower border of the stigma! field. 
Posterior spiracles small and broad in comparison to the length, more 
often broader than long. Slits short. Peritreme without inner projections 
(fig. 6, plate I). 
Cephalopharyngeal apparatus small, approximately 1 mm. in length. 
This is considerably smaller than in other species. The pharyngeal sclerites 
are comparatively short and broad (fig. 5, plate I). 
Anterior spiracles with 5-6 branches; the ratio in 64 spiracles, 40-24, 
respectively; the number similar in two series of larvae. Portion of an-
terior spiracle external to the cuticle approximately one-half as long as 
the internal pigmented trunk. 
Descriptions based on two series of larvae, one each from Port Lavaca 
and Dallas, Texas. 
Second instar.-The spines are small and light brown to almost color-
less. Segments 2-7 with complete band of spines at anterior border; on 
segment 8 the spines are usually absent or very small and lightly pig-
mented on the dorsal surface. Posterior border of segment 11 with 
several rows of dorsal spines; absent on dorsum of segment 10. 
Tubercles on border of stigma! field small; relative position as in 
the third instar. 
The cephalopharyngeal sclerites are more distinct in this species and 
may easily be distingushed from those of other species. The most striking 
difference may be noted in the appearance of the oral hooks (fig. 16, plate 
II) . The entire length from the tip of the oral hooks to the tip of dorsal 
cornu 500-550 microns-while in all other species the length is at least 
600 and may be greater than 700 microns. 
Anterior spiracles with 4-6 widely separated branches; more often 5. 
First instar.-Spines lightly pigmented, more so than in L. sericata; 
they are almost without pigment and their distribution is difficult to de-
termine. Anterior border of segments 2-7 with complete band of spines. 
Posterior border of segment 11 with two to three dorsal rows of highly 
pigmented spines; apparently absent on dorsal surface of segment 10 and 
those anterior to it. 
Tubercles on segment 12 small; relative position as in the second and 
third instars. 
Cephalopharyngeal apparatus very small and weakly developed (fig. 
21, plate II) . Oral hooks not prominent; hatching spine short. Pharyngeal 
sclerites narrow; ventral cornu narrow and tapering to a sharp point. 
Dorso-anterior projection of pharyngeal sclerites long, approximately 
two-thirds as long as the dorsal cornu. 
Lucilia silvarum (Meigen) 
Third instar.-Spines encircling the body at the anterior border of 
segments 2-9. On segment 10 several rows of spines extending almost to 
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the dorsal surface, and on segment 11 two or three irregular broken rows 
of spines present laterally. Posterior border of segments 9-12 with a com-
plete band of spines; segment 11 with 6-8 irregular rows dorsally and 
about 4 and 3 rows, respectively, on segments 10 and 9. Segment 8 may 
have a single irregular dorsal row, but this is usually absent for a short 
space. Segment 12 is very finely scabrous over the entire dorsal surface; 
in other species this area is smooth except on L. illustris, which, however, 
usually has a small, irregular, smooth area. 
As with L. cuprina the tubercles outlining the stigma! field are smaller 
and less conspicuous than in the other species of Lucilia; the median pair 
on the upper and the inner pair on the lower border of the stigma! field 
less than one-half as large as the others. Tubercles on anal protuberance 
low, broadly rounded at the tip. 
Posterior spiracles rather small, of the general form shown in figure 
8, plate I. Peritreme wide and irregular; inner projections usually absent, 
but there may be a short pointed pigmented projection between the middle 
and lower slits. 
Cephalopharyngeal apparatus with the dorsal cornu close to the 
ventral (fig. 7, plate I). 
Anterior spiracles with small, short branches, the part external to the 
cuticle approximately one-half the length of the spiracular chamber. The 
number of branches in 52 spiracles from two series of larvae ranged from 
5-7 in ratio of 8-23-21, respectively; rather uniform in the two series. 
Larvae collected at Ames, Iowa. 
Second instar.-Segments 2-9 provided with a band of spines en-
circling the body at the anterior border; present on lateral surface of seg-
ment 10, but absent on dorsal surface. Posterior border of segments 9-12 
with a complete band; narrowed to 1 or 2 irregular dorsal rows on seg-
ment 9. 
Relative position of tubercles on stigma! field as in the third instar; 
broad at base and somewhat pointed at tip. 
Cephalopharyngeal apparatus as in figure 17, plate II. The pharyn-
geal sclerite is rather lightly pigmented; the oral hooks are rather nar-
row and, with the exception of L. cuprina, the dorsal posterior prolonga-
tion of the basal portion is narrower than in the other species. The shape 
of the dorsal cornu is about intermediate between that of L. illustris and 
that of L. caeruleiviridis. 
Anterior spiracles with 5-7 branches, more often with 6. 
First instar.-Spines distinct, heavily pigmented. Complete band of 
spines at anterior border extending to segment 9. On segment 10 the 
spines are usually absent dorsally but extend well up to the dorso-lateral 
surface. Posterior border of segments 9-12 completely encircled with 
spines; on segment 9 the band is narrowed to 1 or 2 dorsal rows; restricted 
to lateral and ventral surfaces on segment 8. The border of the stigma! 
field is provided with brownish, long, hair-like spines. 
Tubercles of the last segment as in L. illustris. 
Cephalopharyngeal apparatus as shown in figure 22, plate II. The 
parts are rather well developed. The principal distinguishing feature is 
the broad dorsal pharyngeal arch, this being much broader than in the 
other species. 
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Lucilia caeruleiviridis (Macquart) 
(australis Townsend) 
Third instar.-Anterior margin of segments 2-9 with a complete band 
of spines; on segment 10 the spines extend well up to the dorso-lateral 
surface but do not join. Spines rather variable at posterior border of seg-
ments; segments 10-12 with spines dorsally; six to eight rows usually 
present on dorsal surface of segment 11. On segment 9 the spines may 
join by a single irregular dorsal row to form a complete band, but may 
be absent on dorsum by a wide margin. Segment 12 generally smooth on 
dorsal surface. 
Tubercles outlining the stigma! field very large and prominent, the 
outer and inner pairs on upper border approximately equal and less than 
twice as large as the median. The distance between the inner pair at 
the tips greater than the distance between the inner and intermediate, but 
not so great as the distance from the inner to the outer pair. The two outer 
pairs on the lower border larger than those on anal protuberances and 
usually larger than the larger pair on upper border of stigma! field. 
Button area of spiracular plates rather well developed, with a cylin-
drical pigmented inward projection below the button which is visible only 
when mounted plates are examined. Peritreme well developed; inward 
projction of the peritreme between outer and middle slit prominent. 
Spiracles in general heavily pigmented as in L. illustris, especially at the 
border and around the slits. However, the degree of pigmentation, as with 
other species, varies considerably with the age of the larvae. 
The cephalopharyngeal apparatus (fig. 9, plate I) similar to that of 
L. silvarum and L. mexicana. The ventral cornu is produced posteriorly 
beyond the hump to a greater extent than in the two species mentioned. 
Oral hooks curved slightly upward and downward. 
Anterior spiracles with the number of branches variable; one series 
of ·62 spiracles gave ranges from 6 to 10 in ratio 4-16-21-18-3, while the 
number of branches in 24 spiracles in another series ranged from 7 to 10 
in ratio 1-5-8-9. Thus in one series 7, 8, and 9 branches predominated and 
there were only a small number with 6 and 10 spiracles, while in the other 
8, 9, and 10 branches predominated and there were only a small number 
with 7 branches. The branches are small and short and the length of the 
external portion is approximately equal to that of the spiracular chamber. 
Two series of larvae examined collected at Ames, Iowa. 
Second instar.-Distribution of spines the same as in L. silvarum. 
Tubercles on border of stigma! field rather large; the median pair 
on upper border not much smaller than the outer. On the lower border 
the inner pair more than one-half as large as the outer and median. Dis-
tance between inner tubercles on upper border distinctly less than the 
distance between the inner and outer, but greater than the distance from 
the inner to the median on either side. 
Cephalopharyngeal apparatus as in figure 18, plate II. The dorsal 
cornu tapers to the posterior end. The oral hooks are rather short and 
broad. 
Anterior spiracles with 7-9 branches, more often with 9. 
First instar.-The distribution and general appearance of spines very 
similar to L. silvarum. 
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This species may be distinguished by the cephalopharyngeal appar-
atus. The geenral appearance is similar to L. silvarum except that the 
dorsal arch is narrow, resembling that of L. illustris. 
Lucilia mexicana (Macquart) 
( unicolor Townsend) 
Third instar.-Distribution of spines variable. Anterior margin of 
segments 2-8 generally completely encircled with spines; in some speci-
mens, however, the complete band may extend to segment 9, while in 
others it may extend only to segment 7. Posterior margin of segment 11 
generally provided with three to four dorsal rows of spines, but spines 
may be absent at the posterior margin of all but segment 12. 
Tubercles outlining the stigma! field rather prominent (fig. 13, plate 
II) ; the inner pair on upper border equal to or only slightly larger than 
the other two pairs, which are very nearly equal in size. On the lower 
border the outer and intermediate pairs large; the inner pair compara-
tively large, approximately equal to the outer tubercles on the upper 
border, whereas in other species the inner tubercles on the lower border 
are always distinctly smaller. The relative position of the tubercles as 
in figuer 13. 
Posterior spiracles as shown in figure 12, plate II. Peritreme narrow, 
not heavily pigmented. A rather narrow and long inward projection of 
the peritreme between inner and lower spiracular slits. 
Pharyngeal sclerites (fig. 11, plate II) similar to those of L. caerulei-
viridis but with shorter ventral cornu. 
Anterior spiracles in one series with 5-8 branches in ratio 1-7-12-4; 
in another, 6-11, in ratio 3-28-33-15-4-1. Size of lobes and form of spir-
acles as in L. sericata. 
Descriptions based on three series of specimens collected, one each, 
from Port Lavaca, Dallas, and Menard, Texas. 
Second instar.-Spines forming a complete band at anterior border 
of segments 2-8 and extending almost to the dorsal surface on segment 9. 
Posterior border of segments 11 and 12 with complete band of spines; on 
segment 10 the spines usually forming a complete band but sometimes 
restricted to the ventral, lateral, and dorso-lateral surfaces. 
Relative distribution of tubercles situated on last segment as in the 
third instar. Tubercles broadly rounded at tip, the median pair on upper 
border and inner pair on lower border only slightly smaller than the 
others. 
Cephalopharyngeal apparatus similar to that of L. caeruleiviridis but 
with more slender oral hooks and the basal portion with a longer dorso-
posterior projection. 
Anterior spiracles with 6-8 branches. 
First instar.-Spines heavily pigmented as in the two preceding 
species. A complete band of spines at the anterior border extending to 
segment 8. Posterior border of segments 10 and 11 provided with spines 
on dorsal surface; on segment 9 the spines extending well up to the dorsal 
surface but both the anterior and posterior margins with a narrow dorsal 
spineless area. 
Tubercles on last segment and cephalopharyngeal skeleton similar to 
those of L. illustris. 
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Key to third-instar larvae of Lucilia 
1. Pharynx with a prominent pigmented area below the posterior ex-
tremity of ventral cornu (PO, fig. 1, plate I) .... Lucilia illustris (Meig.) 
Pharynx without this pigmented area...................................................... 2 
2. Inner tubercules on upper border of stigmal field widely separated; 
separated by a distance approximately equal to the distance from the 
inner to the outer on either side................................................................ 3 
Inner tubercles on upper border of stigmal field not widely separated; 
separated by a distance equal to or only slightly greater than distance 
from inner to median on either side ...... .............. Lucilia sericata (Meig.) 
3. Median pair of tubercles on upper border of stigmal field distinctly 
smaller than the outer pair ............ ....... ....................................................... 4 
Median pair of tubercles on upper border of stigmal field equal to or 
only slightly smaller than the outer pair ...... Lucilia mexicana (Macq.) 
4. Tubercles bordering the stigmal field not prominent; inward projection 
of peritreme between outer and middle slits absent or at least not 
prominent; anterior spiracles generally with 5-7 branches................ 5 
Tubercles bordering the stigmal field large, resembling those of L. 
mexicana (fig. 13, plate II) in prominence; spiracular plates large, 
dark, and with prominent inward projection between outer and middle 
slits, anterior spiracles generally with 7-10 branches ............................ .. 
............ .............................. .... ... ...... ............... Lucilia caeruleiviridis (Macq.) 
5. Spines light-brown; posterior margin of segments 9 and 10 without 
dorsal spines; 3-4 dorsal rows on posterior margin of segment 11 
...................... .... ... : ...................... ............ .................. Lucilia cuprina (Wied.) 
Spines dark-brown; posterior margin of segments 9-12 completely en-
circled with spines; 6-8 dorsal rows on posterior margin of segment 
11 ................................................ .. .................... ...... Lucilia silvarum (Meig.) 
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EXPLANATION OF PLATES 
PLATE I 
Fig. 1 and 2. Lucilia illustris Meigen 
(1) Lateral view of cephalopharyngeal mechanism, third-instar larva; 
OH, oral hook; D, dental sclerite; H, hypostomal sclerite; PS, para-
stomal sclerite; DA, dorsal arch; PHS, pharyngeal sclerite; PH, 
pharynx; DC, dorsal cornu; VC, ventral cornu; PO, pigmented por-
tion of pharynx. x 52. 
(2) Right spiracular plate. P, peritreme; B, button; R, sun-ray struc-
tures. x 132. 
Fig. 3 and 4. Lucilia sericata Meigen. Same as figures 1 and 2. 
Fig. 5 and 6. Lucilia cuprina Wiedemann. Same as figures 1 and 2. 
Fig. 7 and 8. Lucilia silvarum Meigen. Same as figures 1 and 2. 
Fig. 9 and 10. Lucilia caeruleiviridis Macquart. Same as figures 1 and 2. 
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PLATE II 
Fig. 11 and 12. Lucilia mexicana Macquart. Same as figures 1 and 2, plate I. 
Fig. 13. Lucilia mexicana Macquart. Last apparent segment of third-instar larva 
showing position of spiracular plates and structure and position of tubercles 
outlining the stigma! field or posterior cavity; 0, M, and I, outer, median, and 
inner tubercles, respectively; U, upper border of stigmal fields; S, spiracular 
plate; SF, stigmal field; L, lower border of stigmal field; AT, anal tubercle; 
A, anal opening; AP, anal protuberance; 12, segment 12. 
Fig. 14. Lucilia illustris Meigen. Lateral view of cephalopharyngeal mechanism; 
second-instar larva. x 72. Lettering as in figure 1, plate I. 
Fig. 15. Lucilia sericata Meigen. Same as figure 14. 
Fig. 16. Lucilia cuprina Wiedemann. Same as figure 14. 
Fig. 17. Lucilia silvarum Meigen. Same as figure 14. 
Fig. 18. Lucilia caeruleiviridis Macquart. Same as figure 14. 
Fig. 19. Lucilia mexicana Macquart. Same as figure 14. 
Fig. 20. Lucilia illustris Meigen. Lateral view of cephalopharyngeal mechanism; first-
instar larva. x 120. HS, hatching spine; other lettering as in figure 1, plate I. 
Fig. 21. Lucilia cuprina Wiedemann. Same as figure 20. 
Fig. 22. Lucilia silvarum Meigen. Same as figure 20. 
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Manometric methods for the study of respiration of isolated tissues 
and of microorganisms have been in wide use during the last few years. 
Dixon (1934) has summarized the principles and techniques of mano-
metric determinations. The methods developed usually have been adopted 
to micro-analysis and have involved the use of a small quantity of medium, 
generally less than 10 ml. The gaseous compounds ordinarily have been 
the only products determined as the small quantity of substrate pre-
cludes the determination of other products. In the present article a macro-
respirometer is described which permits determinations of 0 2-uptake as 
well as all products of dissimilation with macro-methods. 
APPARATUS 
The constant-pressure type of respirometer has been used because its 
theory is simple and fl.ask constants are not employed. Absence of con-
stants allows changes of the fl.ask to be made with no redetermination of 
constants. 
A complete unit of the constant-pressure manometer is shown in 
Fig. 1; a series of these units arranged on a mechanical shaker is shown 
in Plate I. The dissimilation occurs in L (fig. 1), which is a 3-liter Fern-
bach fl.ask containing the alkali cup A with rolls of filter paper B, and the 
container C by which the cell suspension is added to start the dissimila-
tion. Flask Lis connected by rubber tubing to the graduated gas burette 
E. G is a compensation fl.ask containing a volume of uninoculated me-
dium equivalent to that in L. The two fl.asks are connected through a 
manometer tube F which shows differences in pressure. Tube Dis used 
in removing samples and H, I, J, and Kare screw clamps. The apparatus 
has been used by the authors in a constant temperature incubator room. 
Only one compensation fl.ask is necessary for a group of reaction vessels 
and several may be connected to the manometer F through branched 
glass tubing and balanced separately against G by opening the screw 
clamp J. 
Operation of the apparatus in taking gas readings is simple. At the 
beginning of the experiment all screw clamps are opened. After the fl.asks 
and medium have attained constant temperature the clamps are closed 
and the barometric pressure, temperature, and reading of gas burette are 
noted. To make subsequent readings J is opened and the liquid in F is 
adjusted to the same level in the two arms by raising or lowering E and 
the gas burette is read. Difference between readings gives the change in 
the volume during the period and at the temperature and barometric 
1 Supported, in part, by a grant from the Industrial Science Research Fund of Iowa 
State College for the study of the utilization of agricultural by-products. 
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F 
Fig. 1. Diagram of unit of macro-respirometer. 
pressure recorded at the time the compensation flask was closed. This 
volume must then be reduced to ml. of dry gas at normal temperature and 
pressure. 
If the compensation vessel and the manometer were not used, and the 
readings made by adjusting the liquid in the gas burette then any slight 
change in temperature or barometric pressure would cause considerable 
effect on the readings. The flask G serves as a control with which the reac-
tion flask may be compared, so that the apparatus is no longer affected by 
variations of temperature or barometric pressure. This is true since G is a 
closed system at constant volume. Any rise or fall of temperature in-
creases or decreases the pressure in G and the volume of gas in flask L. 
This increase or decrease in volume of L is compensated for when the 
pressure is raised or lowered to that of G. 
Use of the Fernbach flask permits introduction and removal of con-
tainers C and A; its wide bottom allows use of a considerable quantity of 
liquid and gives a thin layer suitable for aerobic experiments. The large 
capacity permits the consumption or production of considerable quantities 
of gas without changing the composition in the flask excessively. Alkali 
cup A may be made from 35 mm. pyrex tubing. The cup is approximately 
140 mm. in length suspended by a glass tubing. Container C is 13 mm. 
in diameter and 170 mm. long. We have used soft glass test tubes 200 mm. 
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long. The bottom of C is drawn to a thin, flexible point so that it may be 
broken to release the cell suspension. The rod supporting C should be 
of sufficient length to provide a firm grip during lowering. The container 
may be used repeatedly by simply drawing out a new tip. D is a test tube 
of 13 mm. diameter and 200 mm. length. The construction and use of the 
sampling device is apparent; the sample is sucked into D. The gas burettes 
may be made or purchased. We have found 250 ml. burettes suitable 
for our work. A saturated salt solution is used in the burettes. The mano-
meter tube F is made of small bore tubing and is approximately 60 cm. 
in length. Brodie's solution is used in it. The shaking apparatus shown 
in figure 2 is the International 8892. A wooden framework is bolted on, to 
which the large Erlenmeyer flasks may be attached. The velocity of the 
shaking is adjusted to keep the liquid in gentle motion. 
STERILIZATION AND ASSEMBLING 
The equipment of the reaction flask and the medium are sterilized 
with steam and allowed to reach the temperature of the incubator. The 
equipment in the rubber stopper is wrapped in toweling and sterilized. 
Previous to sterilization the glass tubing is plugged with cotton as indi-
cated in figure 1, the rolls of filter paper are placed in the cups, and clamps 
and rubber tubing except those of the sampler are removed. A small 
quantity of glycerol placed on the shaft of A prevents sticking when the 
tip is to be broken. Pipettes for the addition of constituents of medium, 
alkali, etc., and extra test tubes for D are also sterilized. Following as-
sembling of L the stopper is sealed with a melted mixture of equal parts 
of paraffin and beeswax and the apparatus is set up as shown in Plate I 
on the shaker. The shaker is started and about 15 minutes are allowed 
for incubation temperature to be attained before the cell suspension is 
added. Clamps are closed and burette readings, temperature and baro-
metric pressure are recorded. All rubber connections are sealed with the 
paraffin-beeswax mixture. If the fermentation is to be conducted under 
anaerobic conditions COrfree nitrogen may be bubbled through the me-
dium, using the sampling device. Burette E should be filled to the zero 
mark and the liquid lowered after all air has been swept out of L. 
REMOVAL OF SAMPLE 
First, take the reading as described above, then close J, open Hand 
K, pinch off E, and remove sample by suction. Allow the liquid in the 
delivery tube to drain back into the reaction flask and close K and H. 
Open J and E and adjust E until F is balanced and record the reading 
of the gas burette. If the oxygen consumption is so great as to require 
resetting of the burette, COrfree oxygen may be introduced through H. 
By this method the oxygen tension is maintained approximately constant 
throughout the experiment. If the experiment is under anaerobic con-
ditions, nitrogen should be introduced into H during the removal of 
samples and resetting of burettes. 
DETERMINATION OF CO, 
Two methods have been used for the determination of C02• In one 
the C02 is determined by titration of the alkali in cup A; in the second 
298 H. G. WOOD, CARL ERB AND C. H. WERKMAN 
method, which requires two reaction vessels for aerobic experiments (one 
of which contains alkali) the C02 is determined by calculation from the 
observed volumes of gas. The first method probably is more accurate and 
involves less calculation, but has the disadvantage that only one deter-
mination can be made and samples cannot be removed during the course of 
the experiment. In the second method, since valumes of gas can be read at 
any time, the C02 may be calculated at any desired interval. The procedure 
for the titrametric method is as follows: exactly 50 ml. of standard alkali 
are placed in cup A. Approximately 3 N sodium hydroxide has been used 
by the authors; the strength to be used depends on the quantity of C02 
to be absorbed. At the conclusion of the experiment the stopper is re-
moved and the outside of the alkali cup and other apparatus in the stopper 
is rinsed off with distilled water. An evaporating dish about 20 cm. in 
diameter is used to receive the alkali. The filter paper is placed in the 
evaporating dish and the alkali poured and washed from the cup. By use 
of tweezers the filter paper is torn into small pieces. The alkali is filtered 
by suction through a filter paper on a Buchner funnel. The evaporating 
dish is thoroughly rinsed with distilled water and the wash water is used 
to wash the filter paper, which is then pressed water-free after each wash-
ing. Washing must be thorough and the final volume of the diluted alkali 
should be slightly less than 500 ml. The alkali is then diluted to exactly 
500 ml. and an aliquot portion is titrated using phenolphthalein as an in-
dicator after adding an excess of saturated barium chloride solution to 
precipitate the C02 as barium carbonate. It is convenient to titrate 50 ml. 
of the diluted alkali, using a 0.5 N standard solution of HCI. The original 
alkali is standardized by titration, using the same method as described 
above, after adding 50 ml. of the alkali to the rolls of filter paper. This is 
necessary inasmuch as the alkali takes up C02 during the manipulation 
and some may remain_ in the filter paper. The ml. of N alkali neutralized 
by the C02 divided by 2 gives the mM of C02 produced. The oxygen con-
sumed is calculated from the observed decrease in gas volume. The ml. of 
dry oxygen consumed at N.T.P. divided by 22.4 equals the mM consumed. 
The determination of C02 by direct measurement of the gas volume 
is more complicated in that the solubility of C02 in water is so large that 
the dissolved C02 must be calculated. This may be done as follows. Let 
Fi be the observed change in the gas volume of the flask containing alkali 
and F 2 that of the flask containing no alkali. The two flasks have the same 
quantity of medium in each and the reaction is assumed to proceed at 
equal rates. F 1 is equal to the volume of wet oxygen consumed at the 
barometric pressure and temperature of the experiment. F 2 - Fi equals 
the volume of undissolved C02 under the same conditions. F 2 - Fi di-
vided by the total volume of gas above the medium equals the fraction 
of the total gas pressure which is due to the C02• This fraction multiplied 
by the barometric pressure corrected for vapor pressure divided by 760 
multiplied by the solubility (d) of C02 times 1000 equals the ml. of C02 
dissolved per liter of water. The undissolved C02 may be calculated on the 
basis of a liter of medium and this plus the dissolved C02 equals the C02 
produced. If samples are removed at intervals during the experiment the 
C02 must be calculated for each period and the change in the volume of 
gas above the liquid as well as the volume change of liquid must be taken 
into account. In experiments, in which the volume of liquid is being 
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changed frequently, it is convenient to express the calculation on a liter 
basis. 
DISCUSSION 
The procedure described in the foregoing paragraphs is based on the 
assumption that C02 is the only gas produced and the method must be 
modified if this is not the case. Under anaerobic conditions it is possible 
to determine a second gas for example H2 by direct measurements when 
the C02 is absorbed in alkali. Aerobically the procedure requires modifi-
cation. A sample of the gas from the flask L is removed and analyzed and 
the oxygen consumption calculated from the gas reading when the C02 
is absorbed in alkali. 
As the procedure is given it is assumed that in the presence of alkali 
a negligible quantity of C02 remains bound by the medium. Using phos-
phate buffer at pH 6.2 or lower this is true; above 6.2 some C02 is ab-
sorbed and the error increases with increase in alkalinity. If the titra-
metric method is used the total C02 may be computed, the bound C02 of 
the medium being determined by an individual analysis. If NaHC03 or 
any other compound is used in the medium which liberates C02 the de-
termination is more involved and the estimation of C02 by measurement 
of gas volume is not feasible, particularly with NaHC03 as a buffer. 
Titrametically the C02 determination may be made if the original quan-
tity of C02 present in the medium in the form of carbonate is known. The 
residual C02 of the medium must be determined and this plus that ab-
sorbed by the alkali minus the C02 of the original medium equals the 
C02 produced by the reaction. 
The accuracy of the method and suitability of the apparatus have 
been determined mainly through its use in the study of bacterial dissimi-
lation of carbohydrates by resting or proliferating cells. The method has 
proved reliable in aerobic experiments in which a complete determination 
of products was made. The carbon of the substrate fermented was re-
covered quantitatively in the determined products. The balance of the 
oxidized products against the reduced products also was found satisfac-
tory. Although this method of judging the accuracy of the method is in-
direct it is nevertheless reliable, for it is doubtful whether suitable bal-
ances would be obtained if the analyses were in serious error. The titra-
metric method of determining C02 has been used more frequently, but the 
direct measurement of the gas by volume was found reasonably accurate. 
This method of study offers promise of leading to interesting results. 
The authors have not found reference in the literature to an investigation 
in which a quantitative determination has been made of the oxygen con-
sumed as well as of the products of dissimilation thus allowing calculation 
of carbon and oxidation-reduction balances. The usual method of study 
has been to determine the products and not the oxygen consumed or when 
the oxygen consumed was determined, the products other than C02 were 
not. Therefore, considerable speculation has been involved in investi-
gations of aerobic dissimilation. The method presented makes available 
more complete information and eliminates much speculation. The ap-
paratus is suitable for studying quantitatively the effect of different oxy-
gen tensions on the products of dissimilation and thus may be applied to a 
number of different types of experiments. 
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SUMMARY 
A macro-respirometer is described which permits determination of 
oxygen consumed, C02 produced as well as the non-gaseous products of 
dissimilation by resting or proliferating cell suspensions. Oxidation-
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Oxidation-reduction studies of bacterial systems have been given 
serious consideration in recent years. Until about 1920 such studies were 
made by means of indicator dyes such as methylene blue, indophenols and 
derivatives of indigo. Potter (1911) showed the electromotive forces to 
be different in inoculated media (yeast and Escherichia coli) than in 
media not inoculated. 
Gillespie (1920) was the first investigator to interpret the electro-
motive forces developed in various bacterial cultures in terms of oxida-
tion and reduction. 
Cannan, Cohen and Clark (1926) showed that different organisms 
grown under similar experimental conditions established characteristic-
ally different potentials. 
Hewitt (1931) presented a very valuable review of investigations 
concerning potentials developed in bacterial cultures and cited numerous 
experimental evidences indicating the value of oxidation-reduction 
studies. 
Lindsey and Meckler (1932) described a methylene blue reduction 
test for distinguishing between Esch. coli and Aerobacter aerogenes and 
found potentiometric measurements for two strains to parallel the results 
obtained by dye reduction. Epstein (1932) found the dye test to be un-
reliable, but found an apparent relationship between the ability of certain 
members of the genus Aerobacter to reduce methylene blue and the ap-
pearance of colonies they formed on eosine methylene blue agar. 
The present investigation includes a further study of the methylene 
blue reduction test and potentiometric studies to determine the follow-
ing: (1) Relation between oxidation-reduction potentials developed by 
lactose broth cultures of colon-aerogenes bacteria and their ability to re-
duce methylene blue. (2) Oxidation-reduction potentials developed in 
lactose broth cultures of Eschericia-Aerobacter bacteria. (3) Relation 
of oxidation-reduction potentials to growth rates. 
METHYLENE BLUE REDUCTION TEST 
The results of the methylene blue reduction test carried out on 359 
strains of colon-aerogenes bacteria as determined by the addition of 0.5 cc. 
of 0.1 per cent aqueous methylene blue solution to 10 cc. of 24-hour lactose 
broth cultures are given in table 1. After adding the dye the tubes were 
1 The writer wishes to express his gratitude and appreciation to Dr. Max Levine, 
who directed his graduate study, and to Dr. C. H. Werkman for reading the manuscript 
and offering many valuable suggestions. 
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vigorously shaken and allowed to stand at room temperature (approxi-
mately 25° C.-+- 1.0° C.) for one hour and then observed for evidence of 
dye reduction. In recording the results of this test the following key was 
employed: +++=complete reduction of the dye with exception of a 
blue film at the surface of the broth culture; ++=considerable reduc-
tion; + = appreciable reduction; and SI or - = no appreciable reduction. 
Heated, cooled and shaken cultures and sterile lactose broth were treated 
with 0.5 cc. of the dye solution and served as controls. 
The results obtained in this study clearly indicated that the methy-
lene blue reduction test does not afford a reliable means of differentiation 
among the three genera of the colon group. It is interesting to note that 
TABLE 1. Showing results of the methylene blue reduction test 
No. of Reduction after one hour 
cultures +++ ++ + 
Genus tested No. Pctg. No. Pctg. No. Pctg. 
Escherichia 0 0 0.0 14 29.2 17 35.4 
Aerobacter 251 166 66.l 34 13.5 26 10.3 
Citrobacter 60 33 55.0 14 23.4 8 13.3 
+++=Complete reduction except for blue film at surface. 
++=Considerable reduction. (Half color.) 
+=Appreciable reduction. (Three-quarter color.) 
Sl. or - = No appreciable reduction. 





an almost equal proportion of the tested Aerobacter and Citrobacter 
strains showed ability to reduce methylene blue (giving a +++ reac-
tion). Of the 251 Aerobacter cultures tested, 166 or 66.1 per cent reduced 
the dye within one hour as compared with 33 or 55.0 per cent of the 60 
Citrobacter cultures giving the same reaction. It is also interesting to note 
that none of the 48 Eschericia strains tested reduced the dye and that 10.0 
per cent of the Aerobacter strains and 8.3 per cent of the Citrobacter 
strains produced slight or negligible reduction of the dye (giving a SI or 
- reaction) as compared to 35.4 per cent of the Escherichia strains which 
gave the same reaction. 
CORRELATION OF METHYLENE BLUE REDUCTION WITH COLONY TYPES ON 
EOSINE METHYLENE BLUE AGAR (LEVINE) 
Each of the 359 cultures was studied with respect to characteristics of 
twenty-four hour colony formed on Difeo Levine's dehydrated eosine 
methylene blue agar. Descriptions of well isolated colonies formed by 
Aerobacter strains are given in table 2 and those by Escherichia and 
Citrobacter strains in table 3. 
Table 4 presents an analysis of the 359 cultures studied with respect 
to the relationship of their ability to reduce methylene blue and the types 
of colonies they formed an eosine methylene blue agar. It is interesting to 
note that Citrobacter cultures on the differential medium resembled 
TABLE 2. Types of Aerobacter colonies on eosine methylene blue agar (Levine formula) 
After 24 hours at 37° C. 
Type A-1 A-II A-III A-IV A-V A-VI A-VII 
Diameter 3-5 mm. 2-4 mm. 11h-3 mm. 2-4 mm. 2-3 mm. 2-3 mm. 11h-3 mm. 
Confluence Neighboring Like I Colonies re- Like I Like I Like I Little tendency 
colonies fuse main isolated to fuse 
little tend-
ency to fuse 
Elevation Moderately Considerably Slightly Like I Like III Like II Flat or slightly 
raised raised raised raised 
Surface Convex Like I Center drops Like I Like I Like III Flat or slightly 
precipitately convex 
like crater 
Edge Regular entire Like I Like I Like I Like I Like I Like I 
Appearance by Light to dark Very dark Small centers. Like I Small centers. Like I Dark wine or 
transmitted brown cen- large wine Less than Wine colored Less than black centers 
light ters which colored cen- one-third di- or blue cen- one-third di- ¥.!-%, diameter 
are relatively ters often ameter of ters. Less ameter of of colony 
small (less three-fourths colony, light than one-half colony. Light 
than one-half diameter of to dark diameter of to dark 
diameter of colony brown or blue colony brown or 
the colony) blue 
surrounded 
by a broad 
grey or pink 
zone. 
Appearance by Metallic sheen Like I, but Colonies dis- Like I but may Like I but Like III but no Very strong me-
reflected light not present. usually has tinct and dull. have weak wine colored sheen tallic sheen 
Colonies ap- metallic Cratiform sheen 
pear glossy sheen centers us-
and mucoid ually has me-
tallic luster 
Number of 63 A-I 15 A-II 20 A-III 88 A-IV 43 A-V 8 A-VI 14 A-VII 
cultures 
TABLE 3. Types of Escherichia colonies on eosine methylene blue agar (Levine formula) 
After 24 hours at 37° C. 
Type C-1 C-11 C-III C-IV C-V 
Diameter 2-3 mm. 2-4 mm. 3-4 mm. 3-4 mm. 1-2 mm. 
Confluence Neighboring colonies Like I Like I Like I Like I 
do not fuse 
Elevation Slightly raised Like I Flat Like I Like I 
Surface Flat or slightly con- Slightly convex Flat, slightly rough Like II Convex, SillOoth, glis-
cave tening 
Edge Regular, entire Like I Irregular Like I Like I 
Appearance by Dark, almost black Dark brown or pur- Wine centers. Less Dark wine colored Very light central area. 
transmitted light centers which ex- ple centers than one-half di- centers which ex- Almost same appear-
tend three-fourths ameter of colony tend more than ance throughout 
across diameter of three-fourths 
colony, surrounded across diameter 
by a narrow lighter of colony 
zone 
Appearance by re- Dark, buttonlike, Wine colored when Strong metallic Somewhat mucoid Colonies are pink, 
fleeted light often concentric- sheen is present it sheen in appearance. metallic sheen not 
ally ringed, with a is in area that is Sheen around col- present 
greenish sheen halo by transmitted ony 
light 
Escherichia cul- 27 C-1 11 C-11 7 C-III 3 C-IV 0 C-V 
tu res 11 C-11 
Citrobacter cul- 18 C-1 39 C-11 0 C-III 0 C-IV 3 C-V 
tures 
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TABLE 4. Analysis of reduction of methylene blue by colon bacteria and types ol 
colonies formed on eosine methylene blue agar 
Reaction after one hour 
Type of No. of +++ ++ 
colony cultures No. Pctg. No. Pctg. No. 
A-I 63 63 100.0 0 0.0 0 
A-II 15 2 13.3 5 33.3 6 
A-III 20 4 20.0 8 40.0 4 
A-IV 88 80 91.0 6 6.8 1 
A-V 43 10 23.3 10 23.3 10 
A-VI 8 7 87.5 1 12.5 0 
A-VII 14 0 0.0 4 28.6 5 
*C-I 18 2 11.1 5 37.8 6 
*C-II I 39 28 71.8 9 23.1 2 
*C-V 3 3 100.0 0 0.0 0 
**C-1 27 0 0.0 7 25.9 12 
**C-II 11 0 0.0 6 54.5 2 
**C-III 7 0 0.0 1 14.3 3 
**C-IV 3 0 0.0 0 0.0 0 
359 
+ + + Complete reduction except for blue film at surface. 
++Considerable reduction. (Half color.) 
+ Appreciable reduction. (Three-quarter color.) 
Sl or - No appreciable reduction. (Almost full color.) 


































more closely the typical Esch. coli colony than they did the typical Aero-
bacter aerogenes colony. Of the 60 Citrobacter strains studied 18, 39 and 
3 formed Type C-1, Type C-II and Type C-V colonies, respectively. 
Of the 39 Citrobacter cultures which formed Type C-II colony 28 or 
71.8 per cent gave positive methylene blue tests ( +++ reaction), 
whereas, none of the 11 Escherichia cultures forming a similar type col-
ony produced such a reaction. 
The data in table 4 further demonstrate that the methylene blue test 
as performed under the conditions described can not be regarded as a 
means of differentiating the genera of the colony group of bacteria. There 
is, however, a striking correlation between certain types of colonies and 
the dye test. Of the 159 cultures which formed Types A-1, A-IV and A-VI 
colonies, 150 or more than 94.0 per cent of these strains gave positive 
methylene blue reduction tests ( +++ reactions), whereas, of the 55 
cultures which formed Types C-1, C-III and C-IV colonies 53 or more than 
96.0 per cent gave completely negative methylene blue reduction tests. 
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OXIDATION-REDUCTION POTENTIALS DEVELOPED BY TWENTY-FOUR-
HOUR LACTOSE BROTH CULTURES 
Poteniometric studies of 24-hour lactose broth cultures were made 
to determine the following: (1) Are the oxidation-reduction potentials 
characteristics of the genera in the colon-aerogenes group? (2) Are po-
tentiometric readings constant? (3) Is methylene blue in the concentra-
tion employed in the methylene blue test a reliable indicator of oxidation-
reduction potentials? 
The potentiometric measurements for each of 45 cultures were made 
in duplicate. Figure 1 demonstrates a striking difference in the oxidation-
reduction potentials developed by Aerobacter cultures forming typical 
Aerobacter aerogenes (Type A-I) colonies on eosine methylene blue agar 
and those developed by Escherichia cultures. With the exception of cul-
ture No. 24, the Eh of the Aerobacter cultures did not vary more than 0.01 
volt during the period of observation. 
Figure 2 shows a variation of Eh values produced by different Aero-
bacter cultures. It will be noted that the oxidation-reduction potentials 
produced by three Aerobacter lactose broth cultures (Numbers 32, 192a 
and 257sA) were more positive than the potential established by Escher-
ichia culture No. C33. In general, the potential readings were reasonably 
constant . 
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Fig. 1. Oxidation-reduction potentials Fig. 2. Oxidation-reduction potentials 
of 24-hour lactose broth cultures. of 24-hour lactose broth cultures. 
RELATION OF POTENTIOMETRIC MEASUREMENTS TO THE METHYLENE 
BLUE TEST 
In order to ascertain the reliability of methylene blue in the concen-
tration employed as an indicator of oxidation-reduction potentials, 10 cc. 
sterile standard lactose broth in test tubes (18x150 mm.) were inocu-
lated in triplicate with a loopful (4 mm. in diameter) of an 18-hour 
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nutrient broth culture and incubated for 24 hours at 37° C. ± 0.5° C. At 
the expiration of the incubation period, the potentiometric measurement 
for each culture was made in duplicate and at the same time the methy-
lene blue test was run on the third culture. Reasonable agreement was 
found in the oxidation reduction potentials for each set of duplicate run. 
Table 5 was drawn up to show the relation of the potentiometric 
measurements to the methylene blue test and to indicate the reliability 
of methylene blue in the concentration employed in the dye test as an 
indicator of oxidation-reduction potentials of lactose broth cultures. The 
Eh values listed were those observed 10 minutes after the first reading 
was recorded. The mid-point values (E'0 ) of the methylene blue-methy-
lene white systems at the given pH conditions were determined by graph-
ing the results of Clark, Cohen and Gibbs (1925, tables 17 and 18) and 
interpolating. 
According to Hewitt (1931) at constant pH, the potential of a 50 per 
cent oxidized methylene blue solution (E'o) (half color) is about 0.060 
volt more positive than the potential of the dye solution when one per 
cent oxidized (almost colorless). When the methylene blue is 98 per cent 
oxidized (almost full color) the potential is about 0.060 volt more positive 
than the potential at the methylene blue-methylene white midpoint (E'o). 
Allowing+- 0.040 volt variation which might take place from the time the 
dye is added to the time the results of the methylene blue reduction test 
(one hour) is read, a+++ reaction of the dye test should coincide with 
a potential value of 0.10 volt more negative than the oxidation reduction 
potential of the methylene blue-methylene white midpoint E'0 and SI 
or - reaction should be 0.10 volt more positive than the E'0 . Such a rela-
tionship is considered a parallelism of potentiometric measurement with 
the methylene blue reduction test. 
Table 5 shows that an agreement of the results of the potentiometric 
measurements and the methylene blue test was obtained with 33 of the 
45 cultures tested. In seven instances (Cultures 71 small, 213 aty, 91, 183, 
134, 110 ted1 and 226) the Eh was more than 0.20 volt more negative 
than the E'o and positive results (+++ reaction) were not obtained 
with the dye test showing that the bacterial cultures in question produced 
potentials of such small capacities that the concentration of the dye used 
was able to take on all of the escaping electrons in the system without 
being appreciably reduced. In five instances (Aerobacter cultures 192a 
and 257sA and Escherichia cultures C1, C10 and C17) the methylene blue 
test reactions were either + or ++ corresponding to about 75 and 50 
per cent oxidation, respectively, and the Eh values were more positive 
than the E' 0 values by more than 0.120 volt, indicating the reduction of 
the dye was probably caused by factors other than the existing oxidation-
reduction potential of the bacterial cultures at the time of the introduc-
tion of the dye. 
OXIDATION-REDUCTION POTENTIALS DEVELOPED IN LACTOSE BROTH 
CULTURES OF ESCHERICHIA-AEROBACTER BACTERIA 
The potential-time changes developed by cultures of Escherichia-
Aerobacter bacteria in lactose broth were followed by electrode measure-
ments in the following manner: Thirty cc. sterile lactose broth in 200 x 25 
mm. cotton-plugged test-tubes were inoculated with 0.1 cc. of 24-hour 
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TABLE 5. Relation of oxidation-reduction potentials to methylene blue reduction 
test. Twenty-four-hour lactose broth cultures 
Colony 
type on 24-hr. lactose 
E.M.B. broth 
Culture agar pH 
A. 5.35 
A1 5.30 





71 small (s) 4.88 
121 small (s)AII +4.80 
198-2 (s) 4.85 
213 aty (s) S.00 
91 (s) S.04 
183 4.90 
192a (s)AIII 4.73 
257sA (s) 5.12 




32 (s) 4.90 
1S6P-1 AIV S.75 
188r,B 5.60 





134 (s)AV 5.47 
llOA., S.60 
156WP AVI s.so 
110 red, (s) S.10 
116 (s) S.02 
197D, AVII S.10 
226 (s) S.20 
*C1 Cl 4.80 
c. CII 4.80 
ClO CI 5.00 
Cl3 CI 4.80 
C17 CII 4.90 
C33 CI 4.90 
C35 CIV 4.80 
**Hi CV S.40 
H, CII S.20 
H, CV S.40 
IL CII S.30 
(s) =Metallic sheen on colony. 
* =Escherichia cultures. 















































E' o = Potential SO per cent reduction of 
methylene blue at the given pH. 
Devia- Agree-
M.B.- tion in ment 
M.W. volts of of M.B. 
midpoint Eh from M.B. test 
E'o E'o test and Eh 
+.080 -.296 +++ + 
+.082 -.409 +++ + 
+.073 -.413 +++ + 
+.OS9 - .288 +++ + 
+ms - .379 +++ + 
+.084 -.3S8 +++ + 
+.084 -.371 +++ + 
+.107 -.371 + -
+.115 +.034 Sl + 
+.112 + .078 Sl + 
+ .101 -.207 ++ -
+.100 -.344 + -
+ .107 -.34S + -
+.121 +.133 + -
+.093 +.144 + -
+.080 +.037 + + 
+.084 -.oss +++ + 
+ms -.354 +++ + 
+.062 -.382 +++ + 
+.107 +.142 Sl + 
+.059 - .381 +++ + 
+.066 - .391 +++ + 
+.080 -.398 +++ + 
+.062 - .396 +++ + 
+.077 -.337 +++ + 
+.100 +.268 Sl + 
+ms -.421 +++ + 
+ .074 -.372 + -
+.066 -.381 +++ + 
+.073 - .414 +++ + 
+ .093 - .332 Sl -
+.101 +.086 + + 
+.093 +.009 Sl + 
+.088 -.325 + -
+.llS +.190 + -
+.115 +.ooo ++ + 
+.101 +.223 ++ -
+.11s -.019 ++ + 
+.107 +.127 ++ -
+.107 +.108 + + 
+.llS +.060 + + 
+.077 - .463 +++ + 
+.088 -.30S +++ + 
+.077 -.337 +++ + 
+.082 -.23S +++ + 
+ + + =Complete reduction. 
+ + =Considerable reduction. 
+ = Appreciable reduction. 
Sl or - = Slight or no reduction. 
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lactose broth cultures and incubated at 37° C. The incubator was specially 
built for potentiometric studies and was conveniently equipped with a 
saturated KCl calomel half cell. The door of the incubator had two slid-
ing portal openings and a small glass window which made it possible for a 
worker to connect the culture system to the reference cell and to a 
vacuum tube potentiometer kept at room temperature. 
Prior to inoculations the lactose broth was held at 37° C. for 48 hours 
in order to detect the presence of any possible contaminations and to per-
mit stabilization of potential. Two strains were selected for this study. 
One (A9 ) was an Aerobacter culture isolated from soil and the other 
(C33) was an Escherichia strain isolated from human dejecta. On E. M.B. 
agar, each formed colonies typical for A. aerogenes (Type A-I) and Esch. 
coli (Type C-I) , respectively. 
The pH and Eh values of the medium before inoculation were 6.92 and 
+ 0.306, respectively. In making Eh determinations a culture tube was 
selected at random and connected to the calomel half cell and potentio-
meter. Precautions were taken to avoid shaking the culture tubes. Ten 
to 15 minutes were allowed to elapse before a reading was made and re-
corded. Immediately thereafter the culture was removed from the incu-
bator, allowed to cool to room temperature (25° C. ± 1.0° C.) and its pH 
value determined by the glass electrode method. 
The results of this experiment are presented in figure 3. The marked 
difference in Eh and pH curves for each organism is noticeable. Both cul-
tures show decided negative drifts in potential during the first nine hours 
of growth, accompanied by lowering pH values. Thereafter, the curves 
for each culture differ. In contrast to the slight positive trend of the Aero-
bacter strain, the Escherichia culture shows a sharp rise toward positive 
values in potential. The striking difference of potential is more clearly 
shown in table 6, in which the Eh of each culture is compared with the 
Eh of the methylene blue-methylene white midpoint, E'0 , at the respec-
tive pH values of the cultures in question. The observations made after 
9 and 12 hours growth show the Eh of both the Aerobacter and Escher-
ichia cultures to be 
about equally m o r e _ ----
negative than the po- "·3 1t--'l>'-'F--::: ..=:r_.-_ - .. ti-::-=-:-:: .. :1=~,,,-.. =-=t:.=:-:±:-:--=~..-"'-=-t---t---Ju 
tential of the E'0• Later, _..__-/~ ;cn1~i~~~;1~~;h(f;, 
however, the potential •.zf-\t-t--t---/-1-----==-+--====+--+-+-+--l---l---14:" 
of the Escherichia cul- t 
ture became more posi- "·'J-t.t-t-t-t--t--t--t--+-- +--+--+---l" 
tential of the E' 0 . Later, ~ . , 
28 hours the potential ~0 t-trr-1 t-1+-t--t--t--t--t--+--+--1----Jv 
was 69 milivolts more : 1 
. ' positive than the E' 0 and _, ''· --- ___ _ _ _ _ _ __ _ _ 
after 120 hours it was 
253 milivolts more posi- -zr--11-'t-t--t--:t---t--+--+--+--+--_-+-_--js-
tive. The potential of ~\ J--l---l---+--f-.,c;;.,,;;;er1i,bac;;;;;;.,er;;:.- A>1.t:nJ 
the Aero bacter culture -.31---1---,1---="-.:,; ."".--"""'·~+---f.-,-,~. '"'"·. t--. .,., . -.. -. +--. -.. -•. -.• 1---1---1--__,__J,,? 
maintained its negative ~1..-----" Y.~~ ~i~i,;;,~ ·;;;;iti 
character showing an 
Eh 256 milivolts more 
negative than the E' 0 
after 120 hours. 
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Fig. 3. Ph and oxidation-reduction potential curves of 
Escherichia-Aerobacter lactose broth cultures. 
TABLE 6. Relation of oxidation-reduction potentials of Escherichia-Aerobacter lactose broth cultures to methylene blue-methylene 
white midpoint, E'o 
Time Control sterile 
in lactose broth 
hours Eh Ph Eh 
0 +.306 6.92 .......... 
2.5 +.295 6.90 +.231 
6.0 +.290 6.89 -.314 
8.0 +.310 6.88 -.337 
9.0 +.293 6.90 -.341 
12.0 +.290 6.93 - .326 
16.0 +.285 6.91 - .321 
28.0 +.281 6.92 -.273 
34.0 +.290 6.90 -.260 
50.0 +.288 6.91 -.263 
75 +.281 6.88 - .241 
105 +.274 6.90 - .208 
120 +.269 6.89 - .195 
*Midpoint at pH indicated for No. A9. 
**Midpoint at pH indicated for No. Caa. 

























Deviation of Eh white 
Eh from from E'o midpoint 
E'o (volts) (volts) E'o 
.......... .......... . ......... . ..... 
·········· 
+.203 +.183 +.029 6.45 +.212 
-.361 -.391 +.066 5.59 -.325 
-.393 -.418 +.089 5.19 -.329 
- .405 -.412 +.094 5.10 -.318 
- .397 - .371 +.101 5.0 -.270 
- .396 + .021 +.121 4.75 +.142 
-.352 +.069 +.121 4.72 +.190 
-.377 +.084 +.121 4.76 +.205 
-.340 +.107 +.123 4.68 +.230 
-.312 +.179 + .126 4.63 +.305 
- .272 +.235 +.127 4.62 +.362 
-.256 +.253 +.128 4.59 +.381 
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The curves are also markedly different. As with the Eh potential, both 
organisms rapidly lowered the pH of the medium during the first 9 hours 
of growth, the values reached at that time were 5.50 and 5.10 for the 
Aerobacter and Escherichia cultures, respectively. The Escherichia cul-
ture continued a rather sharp decline of pH value for the next 7 hours 
when a pH value of 4.75 was reached and then showed a gradual decline 
until a pH value of 4.59 was reached at the end of 120 hours of growth. 
On the other hand, the Aerobacter culture showed a much lesser decline 
in pH value from the 9-hour period to the 16-hour period and reached a 
minimum of 5.35 after 28 hours of growth. The trend of the curve then 
assumed a gradual rise until a pH value of 5.70 was reached after 120 
hours. The pH curves are in accord with the explanation of Clark and 
Lubs (1915) with reference to the activity of Esch. coli and A. aerogenes 
cultures in sugar broths. The former increased the hydrogen ion concen-
tration to a point where it becomes suicidal and growth stops, while the 
latter is capable of converting the acids and consequently grows for a 
much longer time. 
The character of the Eh curves may be best explained as being due 
to the difference in the metabolic activities of the two organisms .with 
reference to the balance of reducing and oxidizing substances produced. 
It seems that during the first 9 hours of growth both organisms produce a 
reducing condition in the substrate. Thereafter, the Escherichia culture 
showed an increase in oxidizing substances, as is evidenced by a rise in 
potential from - 0.270 volt after 12 hours of growth to + 0.190 and 
+ 0.362 volts after 28 and 105 hours. On the other hand, the Aerobacter 
culture retains its reducing conditions for a period of up to 120 hours (the 
length of the experiment), at which time the Eh value was - 0.195. 
RELATION OF OXIDATION-REDUCTION POTENTIALS TO GROWTH RATES 
An attempt to uncover a more specific explanation of the oxidation-
reduction potential in lactose broth was made by determining growth 
curves in 30 cc. quantities of medium in 200 x 25 mm. cotton-plugged test-
tubes inoculated with 
0.1 cc. of 24-hour lac- J6.--.,.......,---.--r--r---.-...--...--r--.---i 
tose b r o th cultures. J.4~~-"""·'-· ···-+·_ .._ ... _ .. +--+""'....._,f-=~,----+--+--t---i•J 
Bacterial counts were J.z \ I .. ·/ . .................. .... ............. . 
made at once and sub- ,,~+-+--+----J---+--+--+--t---t---r---i•.z 
sequent frequent inter- z~1 
vals. 8 261~1--1---+--+--+---+---+---+--+---t-----1'.1 
Plates were made in ~ z4 ~ duplicate on standard ~ u~1--1---+--+--+---+---+---+--+---t-----10~ 
nutrient agar, incubated ~ 20 t 
at 37° C. for 48 hours. ~1~1--i-+1----j---+--+--+--t-----::_:::!~=e·"-t--r---r--i-. 1 
Colony counts were 16 
••·• ... Numb rs of & cterio J. e.fers to 
made in a Buck colony ,,4 µ.·-+--+--+--+--+--t----t--c:'.~c:-:-cc::-t----r_-:::::::1-.z d offtd L me 
counting box. The re- u; 
sults are given in table 1of-Hl-:::7!.-'!.-' --+--+--t---t--t--t----r---1-.J 
7. 0 .8 \..._........--
Figure 4 shows Eh 
and growth curves for 
Aerobacter culture No. 
OL...,5~~1,---fzo=---,,~0,---4~0,--~5~0-~60;;-~70,---~;t;;---;~~o-,;;;;oo 
Time in Hours 
Fig. 4. Relation of Eh to numbers of bacteria in lactose 
broth Aerobacter culture No. A9. 
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TABLE 7. Numbers of bacteria in lactose broth 
Culture Aerobacter (Ao) Escherichia (C~~) 
Time in hours Average number of bacteria per cc. 
0 I 1,040,750 850,000 
2 I 3,100,000 2,600,000 
4 I 37,000,000 38,500,000 
6 I 140,500,000 138,500,000 
8 I 166,000,000 154,000,000 
10 I 201,000,000 176,000,000 




30 305,500,000 218,250,000 
50 I 245,000,000 143,500,000 
75 I 221,500,000 125,500,000 
103 I 251,000,000 91,000,000 
120 I 216,000,000 35,000,000 
A9 and present a striking relationship. The growth phase does not show a 
pronounced lag phase due to the large inoculum and the failure to de-
termine counts after one hour of growth. 
The logarithmic growth phase apparently occurred from the second 
to the fifth or sixth hour and the phase of negative growth acceleration 
lapsed into the maximum stationary phase at about the twelfth hour, 
which seemed to last until the thirtieth hour. Thereafter, the phase of a 
very gradual accelerated death set in. The slow fall in potential during 
the first 2.5 hours, followed by the rapid decrease up to the sixth hour, 
corresponds inversely 
J6 1---c.- to the slow rise followed ~·~-+--+---!---l--+--1-~__.,,===t-1---·- l--+--H·J by the sharp incline of 
Jl \ / ' ................. r .... · .. >~-~ ..... .. . ......... the growth curve dur-
JOH-!'-f--+-=--+-""""'T--t--1--t--t---'-+-.,.+--H•e ing the same period of 
/,_,....... time. The continued fall 
"·' in potential during the 
"'next three hours in-
~u ---+--+---t--+--+---+-- 0t versely corresponds to 
~~: the slow rise in the 
l: : __ , growth curve (negative 
! '.~r+!-+--+-1-+--f---+--+---+-·-+----::c-+----i--+--H-.? g r o w t h acceleration 
,~_ . ! ~e" · phase). The sudden re-
10 I) """ Nu t>bers' ~act. '° - .J versal in direction of 
oa v the potential occurs at 
O 5 IO i!O j() <O r,~.5fn Hou~~ 70 llO 90 IOO llO about the time (after 
Fig. 5. Relation of Eh to numbers of bacteria in lactose 
broth Escherichia culture No. C33. 
ninth hour of growth) 
w he n th e negative 
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growth acceleration is at its maximum. During this period, the activity of 
the cells is decreased. The gradual rise in potential which takes place 
from this point up to the 120th hour seems to be related to the decreased 
activity of the cells. 
Figure 5 shows Eh and growth curves for Escherichia culture No. 33. 
The relationship of the Eh curve to the growth curve during the lag, 
logarithmic and negative growth acceleration phase is similar to the re-
lationship of these curves for culture A 9• The rise in potential during the 
beginning of the maximum stationary phase (from the twelfth to the 
six teenth hour) is exceedingly sharp. A possible explanation for this 
phenomenon may be the decrease of activity of the bacteria. The trend, 
thereafter, slackens. The phase of accelerated death begins somewhere 
between the thirtieth and fiftieth hour and the decrease in numbers of 
bacteria per cc. during this phase seems to correspond to the rise in the 
oxidation-reduction potential. 
From the observations made it seems possible that the rate of growth 
is an important factor in determining the potentials developed by lactose 
broth cultures exposed to air. 
SUMMARY 
The ability of 24-hour lactose broth cultures to reduce methylene 
blue was tested on 359 strains of the colon-aerogenes group of bacteria. 
The technique involved the addition of 0.5 cc. of 0.1 per cent aqueous 
methylene blue solution to 10 cc. of lactose broth culture tubes (1.6x15 
cm.) , vigorously shaking the mixture and then allowing the tubes to 
stand at room temperature (approximately 25° C. ± 1.0° C.) for one hour 
and then observing for evidence of dye reduction. The results showed 
that there was no sharp differentiation of genera. There was, however, a 
striking corrlation between the relative abilities of certain cultures to re-
duce methylene blue and the character of colony they formed on eosine 
methylene blue agar (Levine formula). 
Potentiometric studies on 45 strains showed that the potential (Eh) 
developed by 24-hour lactose broth cultures were definitely positive with 
all of the Escherichia strains (7) tested, but were not negative with all 
of the Aerobacter cultures (34). In 12 instances the potential measure-
ments did not parallel the results of the dye reduction, thereby indicating 
that methylene blue in the concentration used cannot be regarded as a 
reliable indicator for detecting oxidation-reduction potentials developed 
in bacterial cultures. 
All Aerobacter strains forming typical Aerobacter aerogenes colonies 
on eosine methylene blue agar and over 90.0 per cent of the Aerobacter 
strains which formed bluish mucoid colonies on the same medium gave 
positive methylene blue reduction tests and produced decided negative 
oxidation-reduction potentials in 24-hour lactose broth cultures. Eosine 
methylene blue agar, therefore, is a good index and a much easier one 
than the others for indicating how the strains in question will behave in 
lactose broth with respect to development of oxidation-reduction poten-
tial. 
Potential time courses developed in lactose broth cultures were fol-
lowed by electrode measuremtns. The strains employed produced either 
typical Aerobacter aerogenes or typical Escherichia coli colonies on eosine 
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methylene blue agar. The Eh curve produced by Aerobacter culture was 
markedly different from the one produced by Escherichia culture. Ex-
perimental evidence is presented to show that the rate of growth or 
activity of the cells in question is an important factor in determining the 
potentials developed by lactose broth cultures exposed to air. 
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Standardized fabrics are difficult to obtain from the general market. 
New fabrics increase in number each year, consequently there is lacking 
a basis for comparison of the important features of a fabric. 
Of the fabrics which appear on the market, the textile worker is aware 
of wide variation in their construction. The value of a fabric to the con-
sumer is based largely upon what is commonly known as the wearing 
quality of the fabric. 
From observations made over a long period of time it is reasonable 
to believe that some of the factors which influence the amount of stretch 
and slippage of yarns in a fabric are: number of twists per inch, number 
of yarns per inch-warp and filling, and breaking strength. In addition, 
a fabric to be satisfactory must be so constructed as to admit of dry clean-
ing and laundering. 
So with the consciousness of these problems, an attempt was made 
to study some of the factors involved in the construction of woolen and 
silk fabrics. 
The investigations herein reported are the results of laboratory 
studies on (A) the factors affecting the stretch and slippage of yarns in 
certain wool and silk fabrics; (B) elongation and slippage of yarns in 
certain weighted silks. Only the experimental data of problems I and II 
are recorded. 
Glanton (2) says that the three principal factors which make for 
shrinkage of wool are (a) curly fibers, (b) lack of combing, even though 
the fibers are relatively straight, and (c) close weaves, which result in 
the matting of serrations on the wool fibers. Hence, this shrinkage is in-
creased if the yarns lack twist or have not been well spun. 
Johnson (3) says that the slippage of yarns encountered in light 
weight silks and loosely woven fabrics is caused by the warp sliding over 
the smooth filling. It occurs in garments chiefly at elbows or at shoulders 
or other places of stress. 
Silk filling generally consists of tram, which possesses only enough 
twist to hold individual silk filaments together after the yarn has been 
thrown. Tram, because of its lack of twist, presents a very smooth sur-
face; under the influence of strain the warp slips so that the weave be-
comes distorted. 
1 Portions of two masters' theses submitted to the Graduate faculty in partial ful-
fillment of the requirements £or the degree of Master of Science, Iowa State College. 
•The authors wish to express their appreciation for helpful criticism of the manu-
script to Dr. Rachel Edgar, Department of Textile Chemistry, and Professor G. W. 
Snedecor, Department of Statistics, Iowa State College. 
' Stretch and elongation are synonymous. Slippage of yarns is the pulling apart 
of yarns under tension. 
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According to Edgerton (1) the slippage of yarns at points of strain in 
garments is one of the chief causes of the high cost of the consumer's 
adjustment claims with their resultant loss to the retailer. Yarns slip at 
the elbows, shoulder seams, side seams of skirts and other points of 
stress. The yarn slips because the material is woven too loosely or the 
thread are not sufficiently stayed in weaving. The smooth yarns are more 
likely to slip than the rougher yarns. In garments cut the wrong way of 
the fabric, the tendency for yarns to slip will be increased. If garments 
are cut too small there will be pull at the points of strain, which will in-
crease the tendency for yarns to slip at the seams. 
Meyer and Whitlock (4), at the University of Illinois, studied the 
problem of slippage of yarns in the silk crepe fabrics. These authors came 
to the conclusion that the most outstanding factor in overcoming yarn 
slippage is in the construction of the filling thread. The corkscrew twist 
seems to be the only preventive. 
EXPERIMENTAL WORK 
The greater proportion of the fabrics used in Problem I were con-
tributed by woolen and silk manufacturers. Fourteen representative dyed 
fabrics were used, eight woolen and six silk fabrics. 
All physical tests on the fabrics were made under standard condi-
tions of temperature (70° F.) and humidity (65 per cent relative humid-
ity). 
The weight of each fabric was estimated by removing three speci-
mens, each four inches long, from the entire width of the fabric. These 
were conditioned and weighed to the nearest milligram. The average 
weight, calculated in ounces per square yard, was recorded as the weight 
of the fabric ( 5) . 
The width of the fabric was determined by spreading it, without ten-
sion, on a flat surface ~nd measuring the distance between selvages. Three 
measurements at different parts of the fabric were taken and the average 
recorded as the width. 
The thickness of the fabric was determined by means of an automatic 
micrometer which pressed on a circle of fabric three-fourths inch in 
diameter with a pressure of six ounces. No measurements were taken 
within six inches of the selvage. Ten determinations were made at differ-
ent places on the fabric and the average recorded as the thickness of the 
fabric. 
The number of yarns per inch was counted with a Lowinson thread 
counter. The warp yarns were counted in five places, six inches or more 
apart, and not less than eight inches from the selvage. The average num-
ber of yarns per inch was taken as the warp yarn count. This procedure 
was repeated for the filling yarns. 
Yam count was determined by conditioning and weighing to the 
nearest milligram, ten-yard lengths of both warp and filling yarns. The 
averages were expressed in thousands yards per pound. 
Yarn twist was determined by means of the Precision Twist Counter. 
This machine records the number of twists for a two-inch piece of yarn 
and indicates the direction of the twist. Ten determinations were taken 
for both warp and filling yarns and the average recorded as the number 
of twists per inch. 
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Folding endurance was determined by use of the M. I. T. Folding 
Endurance Tester, which exerted a tension of one kilogram on the fabric. 
Ten specimens, each one centimeter by ten centimeters, were conditioned 
and classified in the machine and bent 135 degrees on either side of the 
no-fold position. The average folding endurance of the ten specimens was 
determined. 
The fabrics were laundered by the method given by the American 
Association of Textile Chemists and Colorists. The laundering was done 
under home laundry conditions. Distilled water at 100° F. was used all 
through the laundering process. Five grams of pure olive oil soap .was 
dissolved in one liter of distilled water. The silks were washed in this 
suds for not more than five minutes by squeezing and kneading. They 
were rinsed three times, then rolled in a towel until almost dry and ironed 
with a moderately hot iron. 
The woolen fabrics were washed in the same manner, but were al-
lowed to dry in a current of air at room temperature for 20 minutes and 
then ironed. 
The fabrics were laundered twice. After taking off a portion of each 
for testing, they were again laundered twice. This process was repeated 
through eight launderings. 
The fabrics were dry cleaned with a load of garments, each load be-
ing run for 45 minutes. They were transferred to an extractor, which re-
moved the solvent by centrifugal force. They were next put into a 
tumbler, which removed the odor by forcing hot dry air through them. 
Steaming and pressing were done on a steam table, live steam being forced 
through the fabrics during the pressing. The fabrics were cleaned twice 
and portions were cut off for testing; they were again cleaned twice and 
the portions tested. This process was repeated through eight dry cleanings. 
Before the fabrics were laundered or dry cleaned, yarns were drawn 
in the material one inch from the edge of a square piece of fabric. Three 
measurements were taken in the direction of the warp, and three in the 
directiqn of the filling yarns, and the averages then calculated. Measure-
ments of these squares were taken after each series of dry cleanings and 
launderings and the percentage change in length calculated. 
The breaking strength of the fa bric was determined by means of the 
Scott Universal Tester. This machine records the number of pounds re-
quired to break a specimen of the fabric. The strip method was used in 
testing. Five specimens one inch by seven inches were cut in both warp 
and filling directions of the fabric. No two specimens had the same set of 
yarns and no specimens were cut nearer than one inch to the selvage. 
The results were averaged and the breaking strength recorded in pounds. 
Plain, French, and flat-fell seams, run in both warp and filling direc-
tion, were tested for breaking strength, slippage of yarns and for elonga-
tion after the last laundering and dry cleaning. 
DISCUSSION OF DATA 
The results of the two problems have been combined because of the 
similarity of method and data obtained. The woolens and silks tested 
varied greatly in breaking strength after the cleaning processes. This was 
especially true of the silks. However, the breaking strength of the fabrics, 
when considered as a group, decreased comparatively little from clean-
ing, as shown in figures 3 and 4 of Problem I and figure 2 of Problem II. 
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TABLE 1. Fabric analysis (Problem I. Factors affecting stretch and slippage of yarns 
in certain wool and silk fabrics) 
Width 
Fabric inch 
1. Twilled suiting 54.00 
2. Angora suiting 53.75 
3. wool crepe 51.50 
4. Flannel 53.50 
5. wool crepe 54.00 
6. Wool crepe 53.50 
7. wool crepe 54.00 
S. Suiting 54.00 
Silk 
9. Twill (~ure dye) 27.00 
10. Flat crepe 39.00 
11. Flat crepe 3S.75 
12. W. cord weave 
crepe 39.00 
13. w . twill 3S.75 
14. Rajah 27.00 
R-Right hand twist. 






Weave warp ing 
twill 49 44 
novelty 
cord 45 36 
plain 27 36 
plain 37 37 
plain 41 36 
plain 45 35 
plain 47 40 
plain 43 37 
twill 134 98 
plain SS S9 
plain 66 S6 
cord 146 56 
twill 77 Sl 





warp ing warp ing 
6L 9L 19 21 
12L 15L 15 9 
f22L f23L 24 22 
l22R l22R 
20R 15L lS 15 
llR 9R 20 16 
16R 12R lS 17 
13R 14R 34 17 
f17R f19R lS 13 
l17L l19L 
SR SL 52 S7 
0 21R 54 31 
0 23L 40 27 
0 46R 69 24 
0 19R 41 lS 
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TABLE 2. Elongation of seamed fabrics. Temperature 70° F. Relative humidity 65 
per cent (Problem I) 
Deviation 
Control Seamed fabrics from control 
Sample Inch percentage Inch percentage Percentage 
number w F w F w F w F w F 
1 0.9 0.9 29 31 0.6 0.9 25 30 33 0 
2 0.8 0.9 26 38 0.9 1.3 31 44 12 44 
3 1.4 1.1 46 54 1.5 1.4 52 48 +71.4 +27.2 
4 1.2 1.6 27 39 1.0 1.3 34 44 -16.7 -18.8 
5 0.9 0.8 29 26 0.9 1.0 38 34 0 +25.0 
6 1.1 0.8 38 28 1.3 0.4 44 21 +18.1 -50.0 
7 0.7 1.0 24 35 1.0 1.2 35 42 +42.8 +20.0 
8 0.8 1.2 28 41 1.0 1.3 40 43 +25.0 + 8.3 
9 0.9 1.0 12 32 0.6 1.4 20 46 -33.3 +40.0 
10 1.0 1.2 34 41 1.3 1.4 41 45 +30.3 +16.7 
11 1.0 1.1 38 38 1.7 1.2 21 39 -30.0 + 9.0 
12 1.2 1.2 40 41 1.0 0.6 43 21 -83.3 -50.0 
13 0.7 0.7 24 22 0.7 0.8 25 37 0 0 
14 0.7 0.6 23 20 0.8 0.8 27 26 +14.3 +33.3 
TABLE 3. Breaking strength of seam stitched fabrics. Temperature 70° F. Relative 
humidity 65 per cent (Problem I) 
Seam stitched 
Control fabric Deviation from control 
Sample lbs. lbs. Percentage 
number w F w F w F 
1 19 21 16 12 -16 -42.8 
2 15 9 12 6 -20 -30 
3 24 22 18 16 -40 -36.6 
4 18 15 18 14 0 - .55 
5 20 16 15 11 - 25 - 31 
6 18 17 17 6 -11 -65 
7 34 17 33 16 - 2.9 - 5.8 
8 18 13 15 11 -16.6 -27.3 
9 52 87 40 81 -23 -23.7 
10 54 31 59 24 + 9.2 -22.5 
11 40 27 32 21 -20 -22.2 
12 69 24 56 21 +19.9 -12.5 
13 41 18 21 15 - 48.7 - 16.6 
14 49 72 55 66 +12.2 - 8.3 
TABLE 1. Analysis of fabrics. (Problem II. Elongation and slippage of yarns in certain weighted silks) 
Yarn 
Count 
------ -· - ·-·--
Number Percentage 
Fabrics per inch of fabric Typp Direction 
A Degummed w 83.0 64.9 123.7 
silk crepe F 66.0 34.5 51.0 2L, 2R 
B Iron-weighted w 83.0 68.6 51.6 
black silk crepe F 66.4 31.0 40.4 2L, 2R 
C Lead-weighted w 64.4 62.7 37.2 
white silk crepe F 71.0 36.4 38.0 2L, 2R 
D Tin-weighted w 90.0 65.3 47.3 
white silk crepe F 76.0 34.1 41.2 2L, 2R 
E Tin-lead-weighted w 92.4 71.4 45.4 
white silk crepe F 78.8 28.5 48.5 2L, 2R 
F Zinc-weighted w 78.0 66.9 53.5 
white silk crepe F 70.0 33.1 41.6 2L, 2R 
Note: W, F, L, R have been used as abbreviations for warp, filling, left, right. 





age Percent- fold 
Number devi- age per cm. Percentage 
per inch a ti on of yarn fabric deviation 
0 2473 5 
57 1 2267 7 
0 49.3 2274 7 
58 8 47.6 9601 10 
0 46.1 563 11 
71 8 42.4 2112 17 
0 52.5 469 3 
76 3 49.3 2518 9 
0 52.6 804 13 
84 5 48.7 4383 14 
0 46.6 813 5 
64 3 44.9 3705 4 
I 




ness per sq. Nitro- Weight- Water 
Fabric Inch yard gen ing Ash Silica Iron Lead Tin Zinc extract 
A Degummed silk 
crepe 0.0082 1.91 18.58 0.23 
B Iron-weighted black 
silk crepe 0.0065 2.91 8.08 63.5 48.2 26.2 11.7 11.3 
C Lead-weighted white 
silk crepe 0.0063 2.94 9.34 56.8 43.0 26.8 11.3 6.9 
D Tin-weighted white 
silk crepe 0.0062 2.42 8.82 57.7 50.6 25.6 6.0 4.4 
E Tin-lead-weighted 
white silk crepe 0.0065 3.15 8.44 60.8 50.3 27.6 9.0 5.1 4.4 
F Zinc-weighted white 
silk crepe 0.0067 2.87 7.89 58.9 46.3 23.4 6.3 11.0 
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TABLE 2. Effect of laundering and dry cleaning on breaking strength of seamed 
fabrics. Temperature 70° ± 2 F. Relative humidity 65 (Problem II) 
After 10 launderings 
Original Flat fell 
fabrics Plain seams French seams seams 
Lbs. per Percentage of Percentage of Percentage of 
inch original original original 
Fabrics w F w F w F w F 
A Degummed 
silk crepe 24 19 58.3 47.4 50.0 65.4 50.0 66.7 
B Iron-weighted 
black silk crepe 19 10 57.9 40.0 52.6 30.0 52.6 30.0 
C Lead-weighted 
white silk crepe 21 14 19.0 14.3 14.3 21.7 14.3 24.4 
D Tin-weighted 
white silk crepe 17 7 11.8 14.4 11.8 14.4 11.8 14.4 
E Tin-lead-weighted 
white silk crepe 19 13 15.8 7.7 21.1 23.0 12.8 23.0 
F Z"mc-weighted 
white silk crepe 17 12 47.1 41.7 52.9 33.3 52.9 41.7 
After 10 dry cleanings 
-4- . ·- .. 
Original Flat fell 
fabrics Plain seams French seams seams 
Lb;>- rr Percentage of Percentage of Percentage of 
me original original original 
Fabrics w F w F w F w F 
A Degummed silk 
crepe 24 19 60.5 52.6 50.0 52.6 60.0 73.7 
B Iron-weighted 
black silk crepe 19 10 52.6 20.0 26.3 30.0 31.7 26.0 
C Lead-weighted 
white silk crepe 21 14 33.3 H.3 22.9 21.4 23.8 21.4 
D Tin-weighted 
white silk crepe 17 7 5.9 .o 11.8 .0 5.9 .0 
E-Tin-lead-wei~ted 
white silk crepe 19 13 5.3 .0 5.3 .0 5.3 .o 
F Zinc-weighted 
white silk crepe 17 12 37.1 33.3 29.4 41.7 35.3 35.0 
Note: The size of the needle used in the stitching was 00 and the thread was silk, A. 
There were sixteen stitches to the inch. 
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TABLE 3. Effect of laundering and dry cleaning on elongation of seamed fabrics. 
Temperature 70° ± 2 F. Relative humidity 65 (Problem II) 
Elongation at breaking load after 10 launderings 
Flat fell 
Plain seams French seams seams 
Per- Per- Per-
centage of centage of centage of 
elongation elongation elongation 
Fabrics w F w F w F 
A Degummed silk crepe 8.0 12.0 10.0 12.3 9.0 8.0 
B Iron-weighted black silk crepe 5.0 5.7 5.3 6.7 5.3 5.3 
C Lead-weighted white silk crepe 3.7 2.3 2.7 4.0 2.7 4.0 
D Tin-weighted white silk crepe 1.0 0.3 1.3 0.3 1.0 0.3 
E Tin-lead-wieghted white silk crepe 1.0 0.3 1.3 0.3 1.0 0.3 
F Zinc-weighted white silk crepe 6.0 5.5 4.0 5.0 4.0 3.0 
Elongation at breaking load after 10 dry cleanings 
Flat fell 
Plain seams French seams seams 
Per- Per- Per-
centage of centage of centage of 
elongation elongation elongation 
Fabrics w F w F w F 
A Degummed silk crepe 12.7 10.0 13.3 16.7 12.0 10.7 
B Iron-weighted black silk crepe 5.3 6.0 5.3 - 4.0 5.0 4.0 
c Lead-weighted white silk crepe 4.3 2.0 4.3 2.0 3.7 2.3 
D Tin-weighted white silk crepe 0 0 0 0 0 0 
E Tin-lead-weighted white silk crepe 0 0 0 0 0 0 
F Zinc-weighted white silk crepe 4.7 3.3 4.0 3.7 3.0 4.0 
The results indicated that the zinc-weighted silk crepe combined a 
greater number of qualities which make for durability than any of the 
fabrics tested. It had a medium-spun yarn, was well balanced as to yarns, 
had little shrinkage and little loss in breaking strength. These results 
agree with Johnson's (3) statement concerning the twist and shrinkage 
of yarns. 
There was no indication from the data obtained that the amount of 
weighting affected elongation. 
Lack of balance of yarns in a fabric, a small number of yarns to the 
inch, great variation in yarn count, small number of yarn twists per inch, 
and seaming of fabrics (when pressure was applied) appeared to increase 
slippage of yarns (Plate I) and elongation in the fabrics tested. 
Laundering and dry cleaning affected elongation in all of the fabrics 
tested. Definite conclusions are not justified because of the variable re-
sults of the experiments, as shown in figures 1 and 2 of Problem I and 
figure I in Problem II. 
In Problem I there was greater shrinkage in the greater proportion 
of the fabrics from laundering than from dry cleaning. The amount of 
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shrinkage in the weighted silks was approximately equal in the two clean-
ing processes. The greater proportion of the total shrinkage in the woolen 
fabrics occurred during the first two launderings. In general, there was 
greater shrinkage from cleaning in the woolen fabrics than in the silk fab-
rics. Rajah silk showed practically no shrinkage after dry cleaning. 
During the cleaning processes, some of the fabrics stretched while others 
shrank. Variation in stretch and shripkage were affected to some extent 
by the tension at which the fabric was held during the pressing. 
The yarns in loosely woven fabrics slipped or the fabrics broke at the 
seam when strained at right angles to the direction of a seam. The stitch-
ing in the stronger fabrics gave way before the fabrics broke. The yarns in 
both weighted and unweighted flat crepes slipped at the seams readily. 
These fabrics had fine filling yarns and no twist in the warp. The twill 
weave silk fabrics, which were stronger, broke above or below the seam. 
The fabrics which had the flat-fell seams registered the highest breaking 
strength and the lowest elongation. 
The silk fabrics which stood up well under the tests were the lead, 
the tin, and the tin-lead-weighted silk crepes. These were high in yarn 
count, lost little from shrinkage, were low in original percentage of elonga-
tion, and average in breaking strength, after both the laundering and dry 
cleaning, as shown in table 1 of Problem II. 
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The recent work of Embden, Deuticke and Kraft (1933) and of 
Meyerhof and Kiessling (1933) on muscle glycolysis relegates the methyl-
glyoxal scheme of glucose breakdown to a relatively unimportant posi-
tion. These investigators propose the phosphoglyceric acid mechanism 
to account for the dissimilation of glucose wherein methylglyoxal does 
not occur and lactic acid is not formed as a stabilization product. Instead, 
phosphoglyceric acid is the intermediary which yields pyruvic acid. The 
latter is then hydrogenated to form lactic acid. 
In view of the general acceptance of the methylglyoxal scheme in 
bacterial dissimilation, it is of interest and importance to know that phos-
phoglyceric acid has been isolated as an intermediary from the products 
of dissimilation of glucose by the propionic acid bacteria (Propionibac-
terium). The evidence indicates that the importance of methylglyoxal in 
bacterial dissimilation must be re-evaluated in the light of our present 
knowledge of the occurrence of phosphoglyceric acid. 
Phosphoglyceric acid was isolated from the cultures of three distinct 
species, Propionibacterium shermanii, P. arabinosum and P. pentosaceum. 
The method of Vercellone and Neuberg (1935) was followed with 
modification. The bacteria were grown in a glucose-yeast extract broth at 
30° C. The cells were centrifuged from the medium after three days' 
incubation. To a small fl.ask were added: cells (paste) 7.0 gm.; 0.66M 
phosphate buffer, 7.0 cc.; 20 per cent glucose solution, 5.6 cc.; 2.5 per cent 
sodium hexose-diphosphate solution, 5.6 cc.; 2 per cent acetaldehyde, 8 cc.; 
1 per cent MgC12, 0.2 cc.; 0.2M sodium fluoride solution, 1.5 cc.; and 
toluene, 1 cc. 
The mixture was incubated for 6 hours at 37° C. with frequent shak-
ing, then chilled, and placed in a refrigerator. Within 36 hours the 
mixture was treated according to Vercellone and Neuberg and the phos-
phoglyceric acid present was precipitated as the barium salt. In the fol-
lowing table are the results for the three species employed. 
Species 
P. arabinosum (34 W) 
P. pentosaceum (49 W) 
P. shermanii (52 W). 
Yield of phosphoglyceric 





According to Meyerhof and Kiessling (1934) the phosphoglyceric 
acid arises by the following reaction: 
glucose+ acetaldehyde + 2 H 3P04 ~ 2 phosphoglyceric acid + 2 
ethyl alcohol. 
[341] 
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The hexose diphosphate is a catalyst and the sodium fluoride pre-
vents dissimilation of phosphoglyceric acid to pyruvic acid. In a normal 
propionic fermentation the pyruvic acid is reduced, first to lactic and 
then to propionic acid. It is probable that acetaldehyde does not occur as 
a normal intermediary, although when added it is reduced in part to 
ethyl alcohol. 
It is of value to know whether propionic acid bacteria are able to 
form phosphoglyceric acid from glucose in the absence of hexose-diphos-
phate. In this case the evidence would further support the Embden-
Meyerhoff scheme. It was necessary to provide suitable conditions for 
the phosphorylation of glucose before adding the acetaldehyde and fluoride 
(Neuberg and Kobel, 1933. The following experiment was run, using 
P. pentosaceum: 
In a 300 cc. flask were placed 23 g. of cell paste, diluted to 50 cc. with 
distilled H20; 50 cc. 25 per cent glucose; 50 cc. 0.66 M phosphate buffer 
(pH 6.95) ; and 10 cc. of 0.2 M sodium fluoride. The mixture was in-
cubated at 30° C for 24 hours. During this period there was an uptake of 
0.94 mg. of inorganic phosphate per cubic centimeter (calculated as P). 
The phosphate content was determined colorimetrically by the method of 
Kuttner and Lichtenstein (1930). After 24 hours an additional 10 cc. of 
fluoride solution and 25 cc. of 2 per cent acetaldehyde were added and the 
mixture incubated for 4 hours. During this period 0.14 mg. P per cubic 
centimeter was esterified. From the mixture 0.417 gm. of the crystalline 
barium salt of phosphoglyceric acid was obtained. 
The crude phosphoglyceric acid salt on purification yielded a pure 
white product which crystallized from an alcohol-water solution in white 
leaflets possessing the same distinctive sheen as the product prepared 
from yeast. The optical rotation, [a]~· c. = - 13.0 is very close to that 
obtained by Neuberg and Kobel (1933). 
It may be objected that the formation of phosphoglyceric acid by 
bacteria in the presence of toluene does not prove the acid to be a normal 
intermediary in the dissimilation of glucose; however, its isolation does 
indicated that the propionic acid bacteria at least possess the necessary 
enzyme equipment for its formation. Furthermore, the evidence is clear 
that the breakdown of glucose may occur by way of phosphoglyceric 
acid. In addition it appears that the mass of evidence supporting the 
Embden-Meyerhof scheme of glycolysis may be equally well applied now 
to bacteria. 
In a later communication the principles of the Embden-Meyerhof 
scheme will be applied to the dissimilation by the propionic acid bacteria. 
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Dissimilation of pyruvic acid by Lacto-
bacillus lycopersici, The, 141 
Dissociation constants and rotations of 
some alpha-substituted ethylamines, 
The, 55 
Domestic animals, myiasis of, prevention 
of, 345 
INDEX 449 
Duck, Puddle, nests of, parasitized by 
Ring-necked pheasant, 374 
Economic studies of screw worm flies, 
Cochliomyia species (Diptera, Calli-
phorinae), with special reference to 
the prevention of myiasis of domestic 
animals, 345 
Effect of chemical and physical environ-
ment upon the fermentative activity 
of zymin, The, 99 
Effect of treatment of oats on the de-
velopment of saccharogenic and dex-
trinogenic amylases during germina-
tion, 267 
Effects of calcium chloride upon the 
hydrolysis of pure compounds of ce-
ment, The, 85 
Effects of liming on the liberation of 
potassium in some Iowa soils, The, 73 
Effects of temperature and humidity on 
life stages (Collembola:Entomobry-
idae) of Pseudosinella violenta, 422, 
423 
Electrode, glass, description of rugged 
type of, 7 
Electron tube nul-instrument for use 
with the glass electrode and a descrip-
tion of a rugged type of glass elec-
trode, An, 7 
Environment, chemical and physical, 
Effect of, upon fermentative activity 
of zymin, 99 
Erythrose, preparation of, 79 
Escherichia-Aerobacter bacteria, oxida-
tion-reduction potentials in cultures, 
309 
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(ring-necked pheasant), nesting hab-
its of, 174 
Pheasant, ring-necked, as a nesting 
parasite of other game birds, 373 
Phosphoglyceric acid, role of, in dis-
similation of glucose by propionic 
acid, bacteria, 341 
Phyllophaga implicita (Horn) June 
beetle, toxicity of certain stomach 
poisons to, 243 
P. lanceolata (Say), relative toxicity 
of stomach poisons to, 235 
Physico-chemical studies or organo-
metallic and furan compounds, 65 
Physiological studies on Rhizobium. IV. 
Utilization of carbonaceous materials, 
95. 
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